
UCRL-52917

GRPANL: a program for?
fitting complex peak groupingsA

w

for gamma and x-ray
energies and intensities

Raymond Gunnink
Wayne D. Ruhter

January, 1980



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government.  Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights.  Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.

This report has been reproduced
directly from the best available copy.

Available to DOE and DOE contractors from the
Office of Scientific and Technical Information

P.O. Box 62, Oak Ridge, TN  37831
Prices available from (615) 576-8401, FTS 626-8401

Available to the public from the
National Technical Information Service

U.S. Department of Commerce
5285 Port Royal Rd.,

Springfield, VA  22161

Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract W-7405-ENG-48.



Best Available Quality

for original report

call
Reports Library

X37097





UCRL-52917

Distribution Category UC-10

GRPANL: a program for
fitting complex peak groupings

for gamma and x-ray
energies and intensities

Raymond Gunnink
Wayne D. Ruhter

Manuscript date: January, 1980

LAWRENCE LIVERMORE LABORATORY
University of California” Livermore, California ● 94550 k

Available from: National Technical Information Service . U.S. Department of Commerce

5285 Port Royal Road ● Springfield, VA 22161 ● S7.00 per copy . (Microfiche $3.50 )





.

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Fitting Technique and Model.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Peak Shape Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
Delineation of Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Fitting Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6

Gamma Intensity Calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
GRPANLOperation: An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...10

Execution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
Appendix: Source Listings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18



. .



GRPANL: a program for
fitting complex peak groupings

for gamma and x-ray
energies and intensities

ABSTRACT

GRPANL is a general-purpose peak-fitting program that calculates gamma-ray
and x-ray energies and intensities from a given spectral region. The program requires that
the user supply input information such as the first and last channels of the region, the chan-
nels to be used as pre- and post-region background, the system gain and zero-intercept, and
a list of approximate energy values at which peaks occur in the region. Because the peak
position and peak-shape parameters enter nonlinearly into the peak-fitting algorithm, an
iterative least-square procedure is used in the fitting process. The program iterates until
either all convergence criteria are met or ten iterations have elapsed.

The code described here allows for twenty free parameters and a region as large as 240
data channels. This code runs on an LSI-11 computer with 32K memory and disk-storage
capability.

INTRODUCTION

The program called GRPANL (GRouP
ANaLysis) first developed in 1974, has evolved as
an interactive program for use on minicomputers to
analyze peak groupings of gamma and x rays in
spectra taken with germanium detectors. Its pur-
pose is to calculate peak positions, or energies, and
peak intensities while allowing the operator control
with respect to the initial parameters for analysis of

the peak grouping. Recently, the program has been
adapted by others to perform automatic, though
prescribed, analyses of spectra. 1‘2

We describe here the algorithm used by
GRPANL and provide a Fortran listing of the
source code. Although the program was originally
written for use on a PDP-8 computer, the version

given in the Appendix of this report operates on a
PDP- 11 under Digital Equipment Corporation’s
RT- 11-V03 operating system. GRPANL, with its
subprograms ULOAD2, ULFIT2, and ULOUT2,

is capable of analyzing a peak grouping spanning a
region of up to 240 channels and allows up to 20
parameters to be freed, i.e. degrees of freedom
allowed with respect to any combination of peak
heights, positions, and peak shape parameters. The
operator may tie any peak position or intensity to
that of another designated peak within a region. X-
rays, whose shapes differ from gamma rays, can
also be fitted. The peak energies are determined
either by specifying the exact gain and zero-
intercept, or by allowing calculation of the energy
scaling, using specified internal reference peaks. For
exact energy determinations, the program accounts
for system nonlinearity. Finally, GRPANL can
calculate gamma emission rates from peak areas by
means of efficiency algorithms, which are based on
the same model used by the generalized computer
program GA MA NAL,3’4 which is a comprehensive
program that not only reduces but interprets data.
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FITTING TECHNIQUE

Accurate determination of peak positions and
areas is one of the most important aspects of analyz-
ing complex x- and gamma-ray spectra obtained
with solid-state detectors. These measurements
usually require a fitting procedure, particularly
when two or more peaks overlap severely. Several
methods of fitting have been developed.~’ Each
fitting technique is based on a supporting model or
methodology. The methodology frequently grows
out of such factors as experience, intended use of
the analysis program, size and speed of the com-
puter used, and accuracy that is required. In this
section, we will discuss the methodology used in the
GRPANL program.

PEAK SHAPE ALGORITHM

The most easily detected and intense portion of
a gamma-ray peak may be described by a Gaussian
function, as illustrated in Fig. 1. However, devia-
tions from the Gaussian distribution known as tail-
ing occur on the low-energy and occasionally on the
high-energy side of a peak. The low-side tailing is a
result of incomplete charge collection in the detec-
tor, though low-angle scattering in the sample
source or in surrounding materials can also con-
tribute to low-side tailing. Tailing on the high-
energy side arises from signal distortion by the pulse
electronics modules. This latter effect should be
eliminated or reduced as much as possible.

The tailing portion of a peak can generally be
described by means of one or more terms of ex-
ponential form. Some computer programs divide
each peak into regions and apply a separate fitting
function to each region. 5 The boundary conditions

are chosen so that the calculated response and, in
most cases its first derivative, form a smooth curve.
The analytical expression for the shape function
used by GRPAN L is adapted from the work of San-
ders and Holmes* and treats the entire peak region
with a single expression:

Yi = Yo[ewdxi - XO)2+T(x)l (1)

where

Yi = net counts in channel xi for a single
peak

AND MODEL

Yo =
a =

X() =

T(x) =

peak height
-1/2 U2= -2.7726/( FWHM)2, where
FWHM is the variable containing the
peak-width
peak position
tailing function.

The tailing function is given by

T(x) = [A ● exp ~xi - Xo) + C o exp ~xi - xo~

X [1 - exp O.~xi - xJ2]~ (2)

where

A and C = the short- and long-term tailing am-
plitudes, as illustrated in Fig. 1.

B and D = the tailing slopes

andd= lforxi< xo;6=Oforxi>xo.

The expression in the right-hand bracket of the tail-
ing function smoothly reduces the tailing intensity
to zero as the peak centroid is approached. The
long-term tailing component is disregarded (i.e., C
= O) for many applications. However, inclusion of
this component is desirable in order to obtain a
more accurate fit of a large-peak muhiplet having
good counting statistics.

The peak-shape parameters in the above ex-
pression are y~ x~ a, A, B, and occasionally C and
D. Peak positions and heights are generally the
measurements of interest, and therefore w and y.
are the principal parameters in the fitting process.
The other parameters may be treated as fixed or as
free parameters, depending on whether they have
been predetermined by calibration. We have found
that the values of a, A, and B can be expressed by
simple equations involving the gamma-ray energy.

For example, the peak width UT can be ex-
pressed as a function of the gamma-ray energy E by

O*2 = an 2+u~2=kl+k2E (3)

where an is related to the system “noise,” and us is a
term related to the statistical nature of the charge
collection process. Hence, the measured width of

.
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two isolated peaks, preferably a low- and a high-
energy peak, can be used to determine the values for
coefficients k 1 and k2. The above expression can
subsequently be used to calculate the width
parameter for a peak of any other energy.

By experience we have found that the tailing
slope B can generally be treated as a constant for a
given detector system. For an accurate determina-
tion of B, a high-energy peak where the tailing is
most severe should be used. The peak should be
caused by a single gamma ray and have good
counting statistics. Once B is determined and held
constant, the tailing amplitude A can then be ex-
pressed by:

lnA=k3+k4E (4)

The same two peaks that were used to determine the
values for kl and k2 determine k3 and k4.

There are now five basic peak-shape constants:
k 1, kz, k3, k4, and B, plus the two long-term tailing
constants, C and D, required only in special cases.
GRPANL allows entry of the name of a disk file of
peak-shape constants. The operator may still con-
trol whether the parameters calculated using these
shape constants will be fixed in the fitting processor
whether they will only be used as a starting estimate
toward improving its value. If a disk file containing
shape constants is not constructed the operator
must provide initial estimates of the parameters,
that is, estimates for the peak width (FWHM), the
tailing amplitude A and the tailing slope B.

The peak shapes of x rays differ from those of
gamma rays of the same energies because atomic
transitions have much shorter lifetimes than nuclear
transitions. This difference becomes more pro-
nounced with increasing energy. The intrinsic
radiative width of heavy-element x rays at 100 keV
is about 100 eV, whereas gamma-ray widths are
typically a small fraction of an electron volt.
Furthermore, the intrinsic distribution is Loren-
tzian in shape. When the broadened x-ray distribu-
tion is convoluted with the nearly Gaussian in-
strumental response, the result is a more complex
peak shape than that produced by gamma rays.

The modification to the peak shape algorithm
necessary to fit an x-ray distribution, illustrated in
Fig. 2, is discussed in an earlier report.9 GRPANL
uses this modified algorithm.

DELINEATION OF BACKGROUND

The peaks of any x- or gamma-ray spectrum lie
on top of a background distribution resulting from
the Compton scattering process. In GRPANL, this
distribution must be removed before the peaks can
be fitted. This is done by specifying regions on
either side of the peak grouping that establish
corresponding background levels. The operator
may also specify the slopes of the background con-
tinuum preceding and following the peak grouping
if a peak grouping rests on a sloping background.

An explicit function4 calculates the inter-
polated background values under the peak group-
ing. This function has the following form:

HBi=bn+(bm-bn) &-

1 Y~

(5)

\k=n I

where

Bi =
yi =

b. =

bm =

computed background at channel i,
spectrum count of channel i,
average background level of the low-
energy side of the peak,
average background level of the high-
energy side of the peak.

This function produces smoothed steps in the
background that occur at positions of greatest in-
tensity. This procedure works equally well for single
peaks and for complex peak groupings, an example
of which is shown in Fig. 3. An examination of
Eq. (5) shows that it is essentially equivalent to the
error-function form6 for describing the background
continuum. However, the function in Eq. (5) is used
to remove the background before the fitting process
commences, whereas the error-function method in-
cludes it in the fitting process. The latter method
therefore requires more fitting parameters and
greater calculational time.

If a background continuum slope has been
specified, the steps in the background are superim-
posed on the specified slope, and the size of the
steps is increased or decreased depending on the
sign and steepness of the slope. If the two input

4



I I I I I
Lorentzian x-ray P 94 keV

energy distribution
~1

106

1
II I

,05

h
.%.
‘\Ii-q

I k// \. Instrumental
line shape

/I
l\

“1
\

// \\.1
1.

/1 l\

I \\
\“

.[; ..I

I Convoluted -1
distribution _

,// \\ -
.-

,.2L----

,

I
I
I
I
I
I I

1 i I.-
0 20 30 40 50 60

Channel

FIG. 2. The intrinsic x-ray energy distribution is Lorentzian in shape. This distribution convolutes with the in-
strumental line shape resulting in a modMied peak shape.



I I I 1 I

.233

.. . . . .
““”.-b

,~2~
1225 1288 1352 141

Channel

FIG. 3. The background continuum for a complex
multiplet as shown here may be accurately calculated
by the explicit function given in Eq. (5).

slopes are different, the background continuum
makes a gradual change from the one to the other.

The selection of the group boundary position is
usually a matter of judgement, and it is frequently
difficult to determine or define where a peak should
start or end. This is particularly true if one is to in-
clude long-term tailing and/or x rays in the fitting
process, since these distributions extend to con-
siderable distances from the peak, as previously il-
lustrated in Figs. 1 and 2.

Regardless of where the boundaries are chosen,
the regions selected for measuring the average
background levels usually contain small contribu-
tions from the peaks. GRPANL handles this

problem by adjusting the measured levels according
to the current value of the contribution of the peaks
to the two background regions. The adjustment is
refined after each iteration of the least-squares
fitting process.

Although long-term tailing may be included in
the fitting process, GRPANL does not include the
area beneath the long-term tailing as part of the
reported peak area. However, the area under the
short-term tail is included. From experience, we
recommend that a short-term tailing slope of B = 1
be used to distinguish the two forms of tailing. The

short-term tailing slope should usually have a value
between 1.0 and 5,0. The tailing amplitude varies
according to the slope value with high amplitude oc-
curring with higher slope values. It also varies ac-
cording to the magnitude of peak tailing with low
energy peaks of good detectors exhibiting rather
low values (0.01-0. 1) and higher energy peaks ex-
hibiting tailing amplitude values greater than 1.0.

FITTING PROCESS

Following the removal of the background con-
tinuum, the net counts in each channel of a peak
multiplet are considered as a set of data values Y i
that have been measured with respect to an indepen-
dent variable xi and to which several overlapping
single peaks may be contributing according to the
expression

n

Yi = I ‘ji
j=l

(6)

where n is the number of peaks in the grouping.

We now must find a function which, when
evaluated point by point, most closely approximates
the original data values (YJ This evaluation is done
by minimizing chi square (X2). However, because
the equations describing the peak shape are not of a
linear form, an iterative procedure is used to arrive
at a solution to the fit. The method used in
GRPANL is a non-linear least-squares technique
based on linearizing the equations by performing a
first-order, Taylor’s series expansion about the trial
values of the free parameters. This procedure is also
known as the Gauss-Seidel or Newton-Raphson
method. From Eqs. (1) and (2), we see that yi is
related to several peak parameters which we here
designate simply as pk.

That is,

(7)

By retaining only the first term of the Taylor’s ex-
pansion of this equation, we derive

n

1( )
af

Yij - ‘(PI” $ P2° > ‘-., Pk”) = — 6Pk (8)
apk

k=~
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where

yij =

Pi =

Apk =

the contribution of the j-th peak to chan-
nel i
current best estimate in the k-th peak
parameter
the change required in the current best
estimate of the k-th parameter to obtain
a better fit to the data.

The current “free” parameter values are updated
following each iteration, and the process is con-
tinued until the current change in each parameter is
less than the prescribed amount.

The rate of convergence depends upon a num-
ber of factors. Among these are the complexity of
the grouping, the number of free parameters, the
convergence criteria, and the accuracy of the initial
parameter estimates. In addition to slow con-

vergence, poor parameter estimates may also lead to
an ill-conditioned matrix or a fitting sequence that
does not converge. GRPANL precludes or rectifies
these conditions by including boundary constraints,
damping or limiting the estimated changes in the
free parameters and limiting the allowable number
of iterations to 10.

Convergence is determined by comparing the
magnitude of the last changes made in each of the
parameters being determined with internally
specified convergence criteria. Each convergence
criterion value is calculated using an equation that
contains a fixed and a variable component, the lat-
ter being related to the error associated with the
parameter being determined. The use of the error
component allows early convergence because the
specification arising only from the fixed component
would be needlessly tight when applied to
statistically poor data.

Once convergence has been attained, final
calculations are made for peak energies, intensities,
and the respective errors. The latter are based on
counting statistics and on the goodness-of-tit (the
variable QFIT)* and are normally calculated using
the formula

ERROR (j) = (DM(j) * QFIT)1i2 (9)

where

DM(j) = diagonal error matrix element of
parameter j

and

n

()

QFIT = ~ R? /DOF

i=l

(lo)

Ri = the weighted residuals of the fit

and

DOF = degrees of freedom.

With this method, a poor fit in one region affects all
the calculated errors, whereas intuitively we know
that this is not necessarily true. We have therefore
modified Eq. (10) so that a “localized” goodness-of-
fit is calculated and applied to each peak in the mul-
tiplet. In the new expression, each Rk2 value is ap-
propriately weighted according to its proximity to
the peak in question.

Thus

~[
1/2

n R? exP(~” ‘%2)]

QFIT(j) = i = ~ (11)

~[ exp(a ● Axi2)] l‘2

i=l

where

(k = peak width parameter
Axi = distance from peak position.

● In this report,computervariablenamesof one or moreletters
are usedto signifysingle-functionvariables.
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GAMMA INTENSITY CALCULATIONS

GRPANL also calculates gamma emission
rates from the determined peak areas. The instruc-
tions are based on the same efficiency model that is
used in the GAMANAL program .3~10A basic
premise of the model is that the overall efficiency
can be treated as the product of two components:
the intrinsic efficiency of the detector, defined in
Eq. (12), and the source-detector geometry. The lat-
ter is calculated after determining two hypothetical
points in space, one at which the detector is said to
reside and another at which all of the sample is said
to be concentrated. To determine the efficiency for a
particular source–detector geometry, the rule of
physics is invoked; that the detection efficiency is in-
versely proportional to the square of the source-to-
detector distance. The fundamental equation used
by the model is

where

(12)

fE = counting efficiency for gamma ray of
energy E, normalized to 1cm

C~ = net counts per unit time in peak

yE = source emission rate of gamma energy E
d = source-to-detector distance.

Once a calibration curve (c as a function of E)
has been determined, the equation can be
transposed to yield photon emission rates, YE, for
sources of unknown intensity.

A typical configuration for a cylindrical detec-
tor and a point source is shown in Fig. 4. To use
Eq. (12), the parameter d must be assessed by using
measured or calculated values shown in Fig. 4 for:

x=
w’.

P=

r =

r. =
d=

T=
R=

distance from source to detector window
distance from window to active detector
surface
effective penetration of gamma ray into
detector
effective interaction radius in the detector
limiting value of r at low energy
distance from source to effective zone of
interaction
detector thickness
detector radius.

F7T
I

Detector

w

!

!Source

FIG. 4. A point source and a cylindrical detector
used to model the effects of geometry on photopeak
counting effkiency. Distances shown are defined in
the section, Gamma Intensity Calculations.

From simple geometry we have

(13)d2=(x+w+p)2+r2 ,

Of these, x is the only easily measured parameter.
The others must be empirically determined, as dis-
cussed in Ref. 10. Our experience indicates that the
geometry contribution to the counting efficiency for
point sources can be calculated to within + 1-2% of
the correct values for all energies and all usable
source-to-detector distances.

The intrinsic detection efficiencies as defined in
Eq. (12) are determined by counting absolute stan-
dards at relatively large distances and normalizing
these efficiencies to a l-cm distance, These values
may be described by a fifth- or sixth-order
polynomial equation of the form

n—

1lnei= “ aj(ln Ei)ti-ll

j=l

(14)

,

*
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where Many sources are not point sources. The model

tj = efficiency at the ith energy
Ei = gamma energy
aj = coefficients of the polynomial.

We have found that a single function cannot ade-
quately describe the full range of energies of in-
terest, 0.05-4.0 MeV. Thus, we use two polynomial
equations that overlap in the 100-200 keV energy
region. After the data are fitted by a least-squares
analysis, the resulting curves are examined in the
region of overlap, and a crossover energy is chosen
that gives the same efilciency by either equation. In
this way, the efficiency polynomial can be fitted to
the calibration to within * 1-2Y0.

also contains formulae to account for the perturba-
tions such as by source extension in two or three
dimensions, gamma ray attenuation by the matrix

of a volume sample, and by absorbers between the
source and the detector. These corrections are also

discussed in Ref. 10.

For many prospective users of GRPANL, the
inclusion and use of the efficiency model may
perhaps be ancillary to the principal purpose of the
program, which is to obtain peak positions

(energies) and areas. We will therefore not further
describe in this report details on the use of the
model.

.



GRPANL OPERATION: AN OVERVIEW

GRPANL is written in FORTRAN IV for use
on PDP- 11 systems operating with Digital Equip-
ment Corporation’s RT- 11 V03 or RSTS/E V06B,
Because of its size, the program is broken up into
GRPANL and three subprograms: ULOAD2, UL-
FIT2, and ULOUT2. GRPANL begins the execu-
tion, and control to the other programs is
transferred directly by the subroutine CHAIN,
found in the above-named system’s subroutine
library. The size of common blocks GNL and PASS
prevents them from being transferred automatically
by the CHAIN subroutine. The transfer is accom-
plished by each subprogram which writes the con-
tents of the common blocks into the files
GNL.DAT and PASS.DAT on the system device
before calling CHAIN. After transfer to the next
subprogram is completed, the subprogram reads
back into core the respective common blocks. The
user must make available at least 24 blocks of con-
tiguous disk space on the system device before
starting GRPANL for this operation to succeed.

The input data for the program is contained in
two disk files: the peak-shape parameter file and the
spectral data file. The peak-shape parameter file
contains the five basic peak-shape constants, k ~,k2,
k3, k.4 and B, and the two long-term tailing con-
stants, C and D, which are necessary only in special
cases. These constants may be calculated for a
detector system by the program PKSHAP, listed in
the Appendix. Input to PKSHAP requires the
measured widths and tail amplitudes of two isolated
peaks in a spectrum taken with the detector system.
GRPANL may be used to initially determine these
parameters. If a peak-shape parameter file does not
exist, GRPANL requests the operator to provide in-
itial estimates of the peak width (stored in variable
FWHM), tailing amplitude (EXP1), and tailing
slope (EXP2). The new values obtained by
GRPANL are then used as input to PKSHAP,
provided the value of QFIT, as defined in Eq. (10) is
reasonable.

The user enters the shape constant results
printed out by PKSHAP into a peak-shape
parameter file, a tile created and edited by the
program FILES, which is also listed in the Appen-
dix. F] LES is a general-purpose program for
preparing or editing unformatted sequential files.
With FILES, the user enters the five shape cons-
tants sequentially into the first five locations of the

10

peak-shape parameter file. If the user wishes to use
long-term tailing in the fitting process, then the two
long-term tailing constants should be entered into
locations 7 and 8 of the file. If a correction for
system nonlinearity is to be made, the appropriate
coefficients are entered into locations 11
through 15. These coefficients are determined by
least-squares fitting a power-series polynomial to
data where the dependent variable is energy, and the
independent variable is the corresponding channel
location. The user enters in location 11-15 the coef-
ficients beyond first-order divided by the first-order
coeftlcient, ie., gain.

The spectral data file contains the pulse-height
data which is stored in standard PDP- 11 floating-
point notation, two words per channel count. The
ULOUT2 program, which uses the peak areas to
calculate gamma emission rates, requires the
livetime (seconds) for the count in the first location
of the data file. The second location in this file
stores the time of the count, in decimal days. This is
for informational purposes only, and it is not
necessary for the operation of the code. The spectral
data for the region indicated to the GRPANL code
is read into core by the subroutine RDSK, which is
also listed in the Appendix.

GRPANL reads in the input parameters from
the terminal and from the detector parameter disk
file, if any. From this information the subprogram
calculates the initial values for the peak-shape
parameters and sets all the appropriate flags that in-
dicate fixed or free parameters. Program control is
transferred next to ULOAD2, which loads the spec-
tral data for the region being fit. The subprogram
ULOAD2 determines the net channel data by
removing the background calculated by the sub-
routine BKGRD. From the net data, ULOAD2
determines the initial values for the peak positions
and heights. After ULOAD2, ULFIT2 perfo~s an
iterative fit to the data. After each iteration, the
program prints on the terminal the current peak
positions and heights. The current values for the
peak shape parameters are also printed if a com-
plete output was initially requested by the user. The
program continues its iteration until the current in-
dicated change in each free parameter is less than a
prescribed amount, or until 10 iterations have oc-
curred.



When the fitting process is completed, program

control is transferred to ULOUT2. The function of
the subprogram ULOUT2 is to calculate the peak
energies, peak areas, errors on the peak areas, and
the value of the reduced chi-square. The program.
prints this information along with the input infor-
mation given by the user and the values determined
for the peak-shape parameters with their associated“-
errors. If the user chose the option of a complete
printout, ULOUT2 lists, channel by channel, the
net counts to which the fit was made, the residuals
(difference between net count and calculated count),
and the standard deviation, as illustrated in Fig. 5,
an abbreviated listing of the output.

The ULOUT2 subprogram can also calculate
gamma emission rates from the determined peak
areas. In the ULOUT2 listing in the Appendix, the
FORTRAN statements necessary for this calcula-
tion are shown as comment statements. If ULOUT2
is used, a third disk file of detector-parameter data

is required. This file is also created using the for-
matting program FILES. Sixteen entries are needed
for the detector-parameter file

(l-6) The high-energy portion of the detec-
tor’s intrinsic efficiency curve.

(7- 11) The low-energy portion of the detector’s
intrinsic efficiency curve.

(12) The crossover energy for the above two
polynomial equations describing the ef-
ficiency vs energy curve for the detec-
tor.

(13) The detector depth (cm).
(14) The detector radius (cm).
(15) Surface distance, window to detector

(cm).
(16) Germanium dead layer on the front sur-

face of the detectors (g/cm2).
These sixteen values are read into the array
DCNST.
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F’ROGRFWI GR!JANL LLL VERSION 1 ~1-f$PR-80 ~i :49

FILE NAtlE IAEOP1 PARAMETER FILE

LIVE TIME 4300.0 SECONDS
S’TART [MY 0+000
KEV/Cl+ANNEL 0.110457

GROUP STARTS AT CHANNEL 463
GROUP ENDS AT CHANNEL 530
BACKGROUND LOW ENERGY 5
.’BAcKGROUNII HIGH ENERGY 5
ZERO 107,6716

REFERENCE F’K #1 ENERGY = 129.294
REFERENCE F’K #2 ENERGY = 208.000

PARAMETER TARLE FREE
ALPHA YES
SHORT TAIL AtlPLITUtIE YES
:$HoRT TAIL sLopE No

l_ONG TERM TAIL AMPLITUDE NO
LONG TERM TAIL SLOPE No

LOW ENERGY REGION BACl(GROUNII SLOPE 080000
HIGH ENERGY REGION BACKGROUNIl SLOPE 0+0000

PEAK ENERGY WIDTH UNCERTAIN FIXED UNCERTAIN RATIOEU RATIO
NUMBER “KEV EV ENERGY TO INTENSITY TO

1 159,955 O*OO No 5 YES o 0.00000
~ 160.190 0.00 No 4 No 4 -0,05170
3 160,280 0.00 YES o YES o 0.00000
4 161,450 O*OO YES o YES o 0.00000
5 164.580 0.00 YES o YES o 0.00000
6 165,930 O*OO YES o YES o 0.00000

ANALYSIS RESULTS

CJFIT 1.0 F’WHtl 0.95927+-0.0011 NEV/cHANNEL 0.110457
EXP1 0.18617+-0,0701 EXP2 1.99897+-0.0000
EXP3 0.00000+-0.0000 EXP4 0.00000+-0.0000

CHANNEL ENERGY COUNTS GAMMAS/MIN F’CTERR
1 473*341 159,9!55 4537. 0,0000E+OO 6.6
2 473.753 160,222 42. 0.0000E’+00 O*O
3 477,598 160.426 2553, 0,0000E+OO 4.3
4 487.160 161.482 826. 0.0000E+OO 12.7
5 515.212 164,580 ~8900e o,ooooE+oo 1*O
L 524,431 165.599 289* 0,0000E+OO 47,8

CHANNEL ENERGY INDEX YNET RESIMMLS STII [IEV
463 158.81 1 10.29 -8.28 -0.27
464 158,92 2 89.26 59*31 1.85
465 159.03 3 121.23 72.03 2*21
466 159,14 4 130.21 50.30 1.54.
467 159.25 5 151.18 . 25.66 0.78
468 159,37 6 162.15 -25.90 -0.78
469 159.48 7 234.10 -32.44 -O*95

FIG. 5. Full output from GRPANL run.
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EXECUTION

.

To begin execution of GRPANL, the user must have a tile of spectral data on disk. An optional file
of peak-shape parameters, and/or a detector parameter file may also be constructed prior to execution. A
carriage return must follow all input messages. File names have a maximum of six characters, which may be
preceded by the device name and a colon if they do not reside on the default device, e.g. device:j?le.

User: R GRPANL

Routine: COMPLETEpRINTOUT?

User: Y selects for inclusion in the output the position, net area, and error for each peak in the
fit, and lists the net counts, calculated fit, residual (the difference between the net count
and the calculated count), and standard deviation for each channel in the region of in-
terest. An abbreviated sample of the output is shown in Fig. 5.

N deletes channel by channel results from the report.

Routine SPECTRUM ID 1S

User: device:jlle

specifies the file name of the spectral data file.

Routine GROUP STARTS AT

User: nnnn specifies the first channel in the region of interest, for use by subroutine RDSK in tilling
array Y from spectral data.

Routine GROUP ENDS AT

User: nnnn specifies the last channel in the region of interest. The number of channels between the
starting and ending points may not exceed 240.

Routine # OF BKG. CHANNELS IN FRONT OF GROUP

User: nnnn specifies the number of channels preceding the starting channel to be used to calculate
the background level on the low-energy side of the region.

Routine # OF BKG. CHANNELS IN BACK OF GROUP

User: nnnn specifies the number of channels following the ending channel to be used in calculating
the background level on the high-energy side of the region.

Routine: GAIN (NEG. VALUE FOR ABSOLUTE)
IF = O, PEAK AREA SIMPLY INTEGRATED

User: xx. Xxxxxx

(positive value) specifies the “approximate” gain used in locating reference peaks to
determine the”gain and zero for the spectrum. The energies of two well-defined peaks in

13



the spectrum are then requested. The two peaks become calibration points for a two-
point determination of the gain and zero. If zero is entered for peak No. 1 (PK #l),
GRPANL assumes zero energy at channel zero.

o determines only the total net counts in the region. A zero entry signifies that a fit to the
peaks in the designated region is not desired.

-Xx.xxxxxx

(negative value) specifies “absolute gain, “ i.e., no internal peaks are used for energy
reference, and the final energy values are based on this gain.

Routine ENERGY OF ZERO CHANNEL

User: Xxx.xxxx

specifies the energy of channel zero, information useful for those spectra which have a
large zero offset.

Routine: LIST PK ENERGIES IN THIS GROUP (NEG. VALUE FOR X-RAYS)
TERMINATE WITH A ZERO

User: Xxxxx. Xxxx

specifies the energy for a peak in the region. Additional peak energies may be entered,
each followed by a carriage return. Terminate the list of energies with a zero entry.

-xxxXx. Xxxx

(negative value) signifies that the peak is an x ray. For negative values, the intrinsic
width of the x-ray line of the form XXXX.Xis then entered after the prompt.

INTRINSIC WIDTH (EV)
IF ENTRY = O. AN INTERNALLY ESTIMATED VALUE USED

The values to be entered are listed in Ref. 11. If zero is entered, an internal algorithm
calculates an approximate width.

o terminates the entry of peak energies.

Routine PEAKS ENTERED FOR THIS REGION

(displays the number of peaks entered)

TYPE SEQUENCE # OF PEAKS WHOSE ENERGY ARE UNCERTAIN
TYPE 99 FOR ALL—
NEG. FOR FIXED RELATIONSHIP. END WITH O.

User: 99 designates all peaks in the list as free in the fitting process.

14



nnn (sequence number) designates tbe centroid position of the peak as variable in the fitting

process. Those ~t designated in this step are fixed in position to the channel
corresponding to the energy of the peak entered, by the formula

peak position = (peak energy - zero channel energy) / gain
.

-nnn (negative sequence number) fixes the peak energy relative to another peak in the region.
The sequence number of this other peak in the form nnn is entered in response to the

:
prompt,

ENERGY FIXED RELATIVE TO PEAK #:

The centroid of the current peak is then varied as the centroid of the peak to which it
has been fixed. This option is used for splitting close multiples or for locating weak
peaks.

o terminates the entry of sequence numbers of peaks of uncertain energy.

Routine: SEQUENCE # OF PEAK WHOSE INTENSITY IS KNOWN

User: nnn (sequence number) indicates that the intensity of this peak is known. A zero entry in-
dicates that all are unknown. The peak height is entered after the prompt.

PEAK HEIGHT (NEG. FOR RATIO) =

Xxxxxxx.xxxx

designates the peak height for the sequence-numbered

-Xxxxxxx. Xxxx

peak named above.

(negative entry) specifies that the peak height is to be ratioed to another
peak in the region, a procedure useful when both peaks are from the same
isotope and their branching ratios are well known. The absolute value of
this entry is the ratio of the current peak height to the height of the reference
peak.

Enter the sequence number of the reference peak in the form nnn following
the prompt RATIOED TO PEAK #: .

Routine IS THERE A PARAMETER FILE?

User: Y reads in a file of peak-shape parameters available on disk. Enter the file name in the
form device:jile after the prompt FILE NAME?

.

After the file name is entered, the routine asks

DO YOU WANT*TO FREE ANY SHAPE PARAMETERS?

Y presents each shape parameter for a further Y or N decision.

15



N

Y frees this shape parameter. The maximum number of free
parameters, including peak positions and heights, that are
allowed for fitting each peak grouping is 20.

N fixes the parameter to the value determined from the parameter
file, in accordance with Eqs. (3) and (4), above.

indicates there is no parameter file. If there is none, enter a value for each peak-shape
parameter, as listed below. For each, a response to the prompt TO BE FREED? is re-
quired.

Y frees the parameter,

N fixes the parameter to the value entered,

The peak-shape parameters that can be freed for the entire peak grouping are:

FWHM (IN KEV)
SHORT-TERM TAIL AMPLITUDE
SHORT-TERM TAILING SLOPE
LONG-TERM TAIL AMPLITUDE
LONG-TERM TAIL SLOPE

The height and the position may be freed for each peak in the multiplet. A 20-peak mul-
tiplet may be fit if peak height is the only free parameter. A seven-peak multiplet can be
fit if all parameters are free.

Routine LOW ENERGY BKGRD SLOPE EXPRESSED IN %/CHAN =

User: X.xxx specifies the value for the slope before the region of interest, expressed as IZO change in
counts per channel relative to the average counts per channel in the region. This option
is useful for peaks which lie in a region where the Compton continuum is not flat, but
has a nonzero slope.

Routine HIGH ENERGY BKGRD SLOPE EXPRESSED IN ‘%/CHAN =

User: x.xxx specifies a similar value for the slope following the region of interest.
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APPENDIX : SOURCE LISTINGS

GRPANL
ULOAD2
ULFIT2
ULOUT2
FILES
PKSHAP

Subroutines:

RDSK
YESNO
MAXVA~
MINVAL
NCNTS
NCTS
AVE
BKGRD
GFIT
BWF
MLR
MLRA
MLRE

GPM
CALMU
CALGPM
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Ooo.1.

c

0007

000EI
0009
0010
0011
0012
0013
0015
0016
0017
0018
‘0019
~()~o

0021
~oyJ

0023
0024
0025
0026
(jQ~7

,. 0028
0029
0030
0031

. 0032
0033
0034
0035
0036
0037
0038
0039

c

99

sol

104

106

PROGRAM GRPANL
LINK WIT}{ R[lSK~YESNO,AVE~HAXVAL ~GFIT,NCNTSrNCTS

‘THIS P120Gf(Atl IS A GENERAL PURPOSE PROGRAM FOR FITTING
tlULTIF’L,E”TS (GAMMA--RAYS ANII X--RAYS).
IT WILL. hCCLl!lll(lIIATF; UP TO 20 FREE PARAMETERS, THE PEAK
HEIGHTS; [AREAS) ARE AUT(IMATJ,CALLY FREED. THE OTHERS
CAN E{E SELECTED. UP TO 240 IIATA POINTS ARE ALLOWEU,

“iHIS F’ROGRAil RF;AI)S IN GRF’ANL PARAMETERS
FROH “T”TY “TERMINAL

EQUIVALENCE (NUM5~AMAl”FtX( l)), (ENJ’( l)rBMATRX(l))
I..IS1FG = LISTING t“L,AG = O COMPLETE F’RINTOU”l’
OF’ CAL.CULATIL’INS

= 1 SHORT FRINTOL1l’
“THE FOLLOWING STATEMENT PROVIDES FOR CHAINING TO THE PROGRAM
UL.0AI12 ON LOGICAL DEVICE FtK3. IT’ MUST RE CHANGEIl ACCORDINGLY
IF THE PROGRAM RESIIIES ELSEWHERE,

IiATA ljLOA[12/3RRK3S3RUL073RA[12S3~5AV/

LI!3TFG = 1
J.ALGTH = 5888
IBLGTH = 256
TYPE 99
FORMAT(’ COMPLETE F’RINTOU”T’? ‘3$)
IF(YESNO())LISTF’G = O
“TYPE 100
FORMAT(’ SPECTRUM III IS ‘~$)
ACCEPT IOISFNAME
FORMAT(3A4)
TYF’E 102
FORTIAT(’ GROUP STARTS AT ‘,$)
ACCEPT I06?IST
“TYPE 104
FORMAT(’ GROUP ENHS AT ‘,$)
ACCEPT 1.0i5r:[ENIl
TYPE 105
FORMAT(’ # OF RKG+ CHANNELS IN FRONT C)F GROUP = ‘,$)
ACCEPT 1.06!Nufls
NUMSJ = NUM5
FORMAT(I4)
SUM(J) = O,
AMF1 = EXF’1
AflF’2 = EXF’3
GAMMA = 0+
XI = F’tiF’OS(J)
[Io 300 L = 1?2
CC = CX X XI
IF(GAMA( J))201~201s100
CALL IIWF(CC)
HG(L)=BG(L)+F’KHT(J)*( ,6366*GAPIA(J)*CX*CC+AMP1*EXF’(-EXF’2XXI )

1 +AMF’2*EXF’(-EXF’4*XI ))
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0040
0041
0042
{)043
<)044
0045
0046
()()47

()()48
0049
0050

0051
()():;2
0053
0054
005:;
0054
0057
0058
0059

0060
0061

0062
()(),f)~
00/)4
0065
0066
0067
0068
0069
0070
0071
0072

0073
0074
0075
0076
0077

0078
0079
0080
0081
0082
0083
0084
0085
0086
00s7
0088
0089
0090
0091

0092
0093
0094
009!3
0096
0097

300
400

c

c

c

52
c
5
6
7

8

AMF;’l = 0,
f$~pp = (),
XI = XF’TS -- F’ii’P05(J)
CONTINUE
CONTINUE
YP = o+
IIF.{G = !3G(2) -- 8(;(1)
(ML.L AVE(l Y}IIIPTS, YSUMJAV,YNE”T )
ZERO COEFF:ICIEN”l ARRAY
[10 ~ J=~,~o
Ilo 2 I=I,NIIPTS
ACOEF(IrJ)=O,
FORM MATRIX OF LINEAR EQUATIONS
UC) 30 1’ = l~NDF’T5
X1=1
Fx ,: 0,o

F’XY=O.O
IIALFA = o,o
[lBETA = o,o
IiGAflA = o,o
I!IIELT = o,o
DCHI = 0,()
DETERMINE WEIGHTING FACTOR
WT’ = 1,0 / SQRT (YNET(I) + AVEBG)
K=KK
CALCULATE COEFFICIENTS FOR EACH OF ●NF’ PEAKS
[IO 20 J = l,NF’
[iLTAX = XI - F’KF’OS(J)
Iix = JjLTAx
~!Lx = [ILTAx
DLXSQ = DLT#IX X IILTAX
EXF’Nl. = 0,0
F’HT = F’KHT(J)
ALFA = -2,7726 ,/ (ASL.F’ X F’KF’OS(J) + !3G)
EXF’NT = ALFA * DLXSR
EXF’N3 = O,
IF (EXF’NT + 14,) 473,3
CALCULATE GAUSSIAN COflFONENT OF PEAK
EXF’NI. = EXF’ (EXF’NT)
IF([ILTAX)53?34?54
ExF’N~ = EXF’ (0,4 * ExF’NT)
FXX = EXF’N1
IF(GAMA( J))Ei2~52~51
COMPUTE MODIFIED SHAPE FOR X-RAY PEAK
WL = GAMA(J) * CX
Cx = SQRT(-ALFA)
C[l = CX * IILTAX
cl = i. - ,5642 X WL.
C2 = ,15915 X WL
C3 = ,2!5 * WL * WL
C4 = ●6366 * WL
RT = cl + C3
cc = A13S(CII)
CALL. 13WF(CC)
AA = (Cl - C2 XEXF’NT +C;3 *(I, + 2+ XEXF’NT))XEXF’NI +C4 X CC
cII= AA/RT
Fxx = cII

IF (NFLG1) 6~6~!5
PEAK WIDTH F:’ARAMETER FREE
[tALFA = [lALFA + F’HT * IILXS~ X EXF’N1
IF (DLTr$X) “7>14r14
EXF’N = E’XF’2 * DLTAX
IF (EXF’N + 10,) 12,8,8
E~xPN~ = EXF’ (EXF’N)
CB = EXF’N2 X (1+0 - E:XF’’N3)
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.

“.

●

0098
0079

O1oo
0101

0102?
01.03
0104
01.05
01.06
0107
0108

01.09
0110

0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
01.21
0 3,:}2
ol:!3
01.24

0125
ol~6
0127

0128
0129

0130
0131
0132
0133
0134
0133
0136
0137
013E?
0139
0140
0141
0142
01.43
0144
01.45
01.46
0147
0148
0149
0150
0151
0!.32
0153
03.54
03. !55
0156

1.8

c
15

114
16
c
17

19

21

38
36

39

30

FXX = F’XX + E:XF’1 X CB
IF (NFL.G3) IOJI0,9
SHORT TERM TAILING SLOF’E FREE
[!GAHA = [iGAtlA + [iLTAX X EXP1 X F“HT X CE
IF (NFLG2) 12,12,11
SHORT “TERM TAILING AtlF’LJ.”ll!KIFi FREE
IIBETA = ~lEfETA + CB X F’HT
EXF’N = EXF’4 X IILTAX
IF(EXF’N + 10. )1.471.8~18
CB = EXF{EXF’N} * (I* - E’XFN3)
C)’ = F’H”I X EXF’3
FXY =; FXY + C’f * C13
IF(NF’LG4)2El~ 28s27
LONG TERM “TA:[LJ.NG f?f4PL:lTUDE FREE’
[LLIEL1” = DIIELT -t C13 X F’HT
IF(NF’LG5)14?14?29
LONG TERM TAILING SLOPE FHEE
[ICH] = DC}4J. + DL;lAX X C’f ‘# CB
IF(NYFL.G(J) )1617.i6?13
IF(HIGHT(J))l/i2!16!16
L.F’K = -NYFL.G(J)-1
L = ~{~

IiO 166 ti=l,LF’1(
IF(NYFL.G(Pt) )164~164J163
L= L+l
IF(NXI:l..G(M) )166?J.6A ~J.65
L=L.+1
CONTINUE
L= 1.+1.
IJALUZ=--HIGHT (.!)XEXF’N1XUT
GOTO 114
F’EAK HEIGHT FREE
~=~+~

L=K
VALU=EXPNIXWT
ACOEF(I,L) =VALU + ACOEF(I,L)
IF (NXFLG(J)) 19r19r17
PEAK POSITION FREE
ti’=K+l
ACOEF(IrK) = -2. xALFA *PHT X 11X XEXFN1 * UT
FX = F’X +FXY + FXX * F’H1
SUM(J) = SUM(J) + FXX X PHT
CONTINUE
L=O
IF (NFL.G1> 22~22~21
L =L + 1
ACOEF(I!L) = IIALFA X UT
IF (NFLG2) 24~24?2:5
L=L.+1
6COEF(I?L.) =’ [lBE”TA X W“T
IF (NFL.G3) 3Sr38~25
L = L.+ 1
ACOEF(I~L) = DGAMA * UT
IF(NFL(~Al):A”7,3’7~:!A
L=<L+.~

ACOEF’(I~L) :: L’OELT X UT
IF(NFL.G:~):?9>39~2?6 #
L = 1. + 1.
ACOEF(J.,L,) = UCH1 k W1
YF’ = YF’ + YNET{I)
IIEL.Y(I) = {YNET(I) + BGtl ) +YP X [lBti/””Y~l.~11 -t~~~ X I.LI”T

CONTINUE
LF’LG = 1
CAL.L. AsSI[;N( ly’Rl<(>;AMTF(X ,DflT’,0>’f4EW’/CC’ ~
Ilo 1.01 J = I,K’
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0160
0161
0163
0164
0165
0166
0167
01.68
0169
0170
0171
0172
0174
0175
0176
0177
0178
0179
Olflo
0181
0182
01.93
0184
0185
0186
01.87
0188
0189
0190
0191
0192
0193

0194
0195
0196

0197
0198
0199
()~oo
()~ol

0202
()~03

0204
()~o~
o~06
()~()7
o~08

101

c

102

9040

9030

9010

200
90~o

303
306
310
301

304

307
c
c
1000

c
41

42

430
43
44

c
115
116
117

45

460
46
47

!JRITE(l) (ACOF:F’(IjJ), I = 1,240)
CONTINUE
CALL CLOSE(1)
PERFORM LEAST-SQUARES CALCULATION
CALL MLR(240,NBPTS~Ks IltIL.Y~IIEL ,hC(3EF’rRNrWM,L’M pl..FLG)
IF(LFLG,ER+2)GOT0 102
CALL HLRA(240rNItPTS~K~[lELYp [fEL~ACOEF~RM~Wti~VM~LF1.,[;)
CONTINUE
FldHM= GAIN X SGRT(-2+7726/ALF’HA)
EX2 = EXF’2/GAIN
EX4 = ExF’4/GAIN
TYPE 9040
FORFfAT(/~’ ITERATION FIJHM EXF’1 EXF2 EXF’3 EXF’4’ )
TYPE 9030, 1TERrFWH?l,EXF’l,EX2,EXF3jEX4
FORMAT( 13~6X~FY,5~4F8,4)
IF(LISTFG,EQ,I) GOTO 301
TYPE 9010
FORMAT(/~’ CHANNEL NEV
[lo 2oo J=l,NF’

PEAK HEIGHT ‘)

F’KF’=PKF’0!5( J)+START
F’KE =(F’KF’ - REFCH)XGAIN + K’EFEN
TYPE 9020~F’KF’~PKErPKHT(J)
CONTINUE
FORMA”T(2F9,2,F14,3)
GOTO(301!302?303)LFLG
TYF’E 303
FORM6T(’ MATRIX IS SINGULAR’)
STOP
TYPE 306
FOFtMAT(’ SUM OF SC!UARES OF K’ > ‘YHAN THOSE .(IF Y’)
STOP ‘ RETRN2 310’
CALL MLRE(IlM,240rKrACOEFrWM)
Do 304 .J =17K
WI(J) = SQRT(DM(J)I
Do 307 J = 197
ERR(J) = O,
INCREMENT THE TRIAL VALUES ANII CHECK FDR. COMPLETION OF ITERATIVE
PROCESS,
L=O
LFLG = O
IF (NFLG1) 43~43r41
INCREMENT PEAK WIDTH PARAMETER
L=L+l
ERR(3) = [lM(L)
A[iEL = ABS(DEL(L))
IF(ASIEL + ,01 $ ALPHA)430~430?42
ALPHA = ALPHA + DEL(L.) X {1, +0.8X ADEL/(ALF’HA
LFLG = 1
GOTO 43
ALPHA = ALPHA +[IEL(L)
IF (NFLG2) 46?46,44
L =L+l
ERR(4) = KIM(L)
IF(ITER -NFLGl)45r45rl15
INCREMENT SHORT TERM TAILING AMPLITUDE ‘
IF (EXF’1 + DEL(L)) l16~l16rl17
IiEL(l.) =- ,3 x ExPl
A[iEL = ABS(IIEL.(L)) .

IF(AIIEL - [lM(L) - O*lXEXF’l )460s460~45

ADEL) )

EXPI = EXF’I + DEL(L) X (1, -O*8X ADEL / (EXF1 + MEL))
LFLG = 1
GOTO 47
EXF’1 = EXF’1 + DEL(L)
IF (NFLG3) 49r49?47
L, =L+l
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0230
0231
0232

0233
0234
0235
0236
0237
0238

0239
0240
0241
0242
0243
0244
0245
0246
0247
0248

0249

0250
0251

0252
0253
0254
0255

0256
0257

0258
0259
0260
0261
0262
0263

,. 0264
0265
0266
0267

. 0268
0269
0270
0271
0272
0273
0274
0275
0276

c
119
120

lla

48
480

490
49
c
121

125

1260
126
c
127

130

131
132

c
150

151
152
c
153

55
56

154
60
c
c

61

62

63
64

65

70

.
ERR(5) = DM(L)
IF(ITER-NFL.Gl-NFLG2) 480~480s 119
INCREMENT SHORT TERM f’AILING $LCIF’E
IF (EXF’2 + BEL(L)) 120r120rllf3
[lEL(L) =- +3 X EXF’2
A[lEL = A13S(DEL.(L))
IF(ADEL - INI(L) - +02XEXF’2)490~490s48
EXF’2 = EXF’2 + DEL(L) * (1+ -0.BX ADEL / (EXF’2 + ADEL))
LFLG = 1
GOT(I 49
EXF’2 = EXF’2 + DEL(L)
IF(NFLG4) 126J126r121
INCREflENT LONG TERM TAILING AMPLITUDE
L= L+l
ERR(6),= DM(L)
ADEL=ABS(IIEL (L))
IF(ADEL - DM(L.) - .01XEXF’3)1260~ 1260r125
EXF’3 = EXF’3 +DEL(L) X ABS(l+ -Ot8* AIIEL/(EXP3 + ADEL))
LFLG = 1
GOTO 126
EXP3 = EXP3 + DEL(L)
IF(NFLG5) 132~132r127
INCREMENT LONG TERM TAILING SLOPE
L =L+l
ERR(7) = [lM(L)
AIIEL=ABs([lEL (L))
IF(AIIEL - [lM(L) - ,02XEXF’4) 131~131r130
EXF’4 = EXP4 +DEL(L)*ABS(l+ -0.8$cADEL/(EXF’4+AJJEL) )
LFLG = 1
GOTO 132
EXP4 = EXF’4 + IIEL(L)
K =L
[IO 60 J = lrNP
IF (NYFLG(J)) 152t152>150
INCREMENT PEAK HEIGHTS
K= K+l
fWEL = ABS(KIEL(K))
PKHT(J) = PKHT(J) + DEL(K) X (1. - AKIEL /(F’KHT(J) + ADEL))
IF (AIIEL - IItl(K) - ,001 X F’KHT(J)) 1529152s151
LFLG = 1
IF (NXFLG(J)) 60~60~153
INCREMENT PEAK POSITIONS
K= K+l
A[lEL = AEIS(8EL(K))
IF(ADEL - 1.)56v55v55
DEL(K) = DEL(K)/ADEL
F’KPOS(J) = PKPOS(J) + ItEL(K)
IF(AllEL - DH(K) - ●O1 X F’KF’OS(J) )60~60y154
LFLG = 1
CONTINUE
REESTABLISH PEAK ENERGY AND INTENSITY RELATIONSHIPS
SPECIFIEIl IN INPUT.
DO 65 J = lrNF’
IF(NYFLG(J) )61r63?63
PKHT ( J ) = HIGHT(J)
IF(HIGHT(J) )62r63;63
L = -NYFLG(J)
PKHT(J) = -HIGHT(J) X PKHT(L)
IF(NXFLG(J) )64~65?65
L -NXFLG(J)
PK;OS(J) = PKPOS(L) -(EN(L) - EN(J))/GAIN
CONTINUE
IF(LFLG) 70r79r70
ITER = ITER + 1
IF (ITER - 10)78?78?77
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0277
0278
0279
0280
0281
0282
0283

0284
0285
0286
0287
0288
0289
0290

0291

c ITERATE CALCULATION AGAIN
78 DO 90 I = 1s5

IF(NFLG( I))91,90990
91 NFLG(I) = - NFLG(I)
90 CONTINUE

GOTO 1
77 TYPE 10S
105 FORflAT (’MAXIHUM ITERATIONS EXCEEIIED,’)
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c TERMINATE ITERATIONS+ OUTPUT RESULT’S,
79 CALL ASSIGN(NKIEV~ ’SY:GNL,K!AT’ )

WRITE (NL’IEU) (AMATRX(I), I = l,IALGTH)
CALL CLOSE(NIIEV)
CALL ASSIGN(NIIEVr ’SY:FIASS,DAT’ )
WRITE (NllEU) (BMATRX(I)S I = l,IEiLGT}#)
CALL CLOSE(NIIEV)
CALL CHAIN(ULOU12rO~O)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
END

.

,.

.
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‘.

L PROGRAM ULOAD2
~ “1}+1S SUBPROGRAM IS “THE’ SECONU PART’ ‘TO “THE PROGRAM “GRF’ANL’
c L.INK WITH F(IISKrMAXUPLSMINVA1.>AVErF{KGRII~GFIT
c

INTEGER*2 ULFIT2(4)
DIMEN5:F.ON AMATRX(5888) ~BMATRX(256) ~XC(2)rREFCH(2)
CtJPIMCIN/GNL/ NIJMSrNUME?NIIP’ISrNP~ ITER~NWRIIS( 5)rNFLG(20);

J. NYF;l..G(20) ~NXFL.G(20) 7FNAME(3)~SF(2) J
9L GAINrZERC)JSTART~ALPH,~rFWt4HrATAIL~ BTAIL.7EXF3SEXF’47
:3 STIl(i?}~ClyC;2~AVEBG ~SLP(2) yEN(20)?St4APC (lO)~CLIN(S)r
4 t{IGt+T(20) rGAHA{20)\Y(240) >PKPOS(20) 7PKHl(20) 7[lUM(4460)

COMM(lN./PASS./ENJ(2O) ,ISTr IENIIPNUflSJrNUMEJ~GAINJr ZEROJ~STlJ~ST2J~
1 STRJ(2!O) ;NENUM~ALF’JrSTAMF’~ ST5LP~TLAMP>TL.SLF’~BKGSLF’(2) rFILE(3)~
:> SSS>YE5~HKl~NGAIN~ IREGG~LISTFGrF’AME( 3)

EQUIVALENCE (NUMSrAMATRX( l))~(lENJ( l)~BMATRX(l))
c 1}+1S F’Fl’OGRAM CHAINS TO THE PROGRAM ULFIT2 WHICH RESIDES~ ‘“

ON PHYSICAL DEVICE RK3, THIS DATA STATEMENT tlUST BE
c

CHANGEU ACCORDINGLY IF THE PROGRAM RESIDES ELSEWHERE+
DATA ULFIT2/3RRK3~3F(ULF~3RIT2 ,3RSAV/

cccccL:ccccc{:ccc(:cccccccccccccccccccccccccccccccccccccccccccccc
c T}+E’ F(ILL.OWING STATEMENTS F(Ef$Kl THE COMMON BLOCKS E{ACK INTO GORE

NIiEV = I

CALL. CL.C)SE(NDEV)
C~Li,. ASSIGN(NKtEVj ’SY;GNL+IIAT’ )

IAL.GTH = 5888
READ (NDEV) (AMATRX(l)P I =: l~IAL.GTH)
CAL1.. CLOSE(NDEV)
IBLGTH = 2?56
CALL. ASSIGN(NIIEU~ ’SY:F’ASS+DAT ‘)
READ (NDEV) (BMA”TRX(I)r :[ = l~IBLGTt+)
CALL CLOSE(NDEV)

cccccccccccccccc[:ccccccccccccccccccccccccccccccccccccci:ccccccc
c
~:

(i
c

()()17
0018 29
001.9
0020
0021

‘()()~:~ 32
,. ,. ,3.=I.)V.L./
0024
0025
0026
()()27
002s
i30~9
[)0:$()
0031
0032
0033
0034

0035
0036
0037 35
0038
0040
0041
0042
0043
0044
0045

c

A NEC;ATIVE NGAIN IS A FLAG TO INDICATE THAT INTEF:NAL
REFERENCK PEAKS ARE TO BE USED TO ESTABLISH ENERGY SCALINGO
“TWO PEAKS ARE USED. IF FIF<ST PEAK ENERGY=O, INTERPRETED
TO MEAN CHANNEL ZERO =0 KEV,
IF(N!3AIN) 29,29,54
Ho 50 J=l~2
REFC}+(J)=O,
XC(.J)=O*
IF(STD(J)) 32F50~32
REF’=(STD(J)-- ZER(3)/GAIN
sTl=FiEF--3o*
~x = STI
ST1 = FLOAT(NX)
IST1 = STI +. 1,
CAL.L F<IISK( ISTl~60rFNAME~Y)
CALL MAXVAL (20~40s JF’KfY14AX~Y)
CAL.L. MINVAL (1. rJF’K~M5PBGlsY)
CALL MINVAL (JFKr60>ME~BG2*Y)
CALL. AVE (llS~ME~SUM?AV~Y)

;;G=v,O& -- HGj.
DO 35; I = MS,ME;

Ys = Ys + Y(I)
Y(I) = Y(I) -- HGI -- [lBG * YS/SUM
CONTINUE
IF(SHAF’C( l),EG+O)GOTO 33
GSQ = GAIN X GAIN
SG = SHAF’C(l)/GSQ + SHAPC.(2) X(ST1/GAIN +ZEF(O/G5Q)+.462
ALFA==-2,7726/sG
EXF’l=EXF’(SHAF’C(3) +STll(J) *SHAPG(4))
EXF’2=BTAIL
GOTO 34
NO PARAMETER FILE; FOLLOWING VALUES ARE ONLY AF’FF<OXIMATE
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0046 33
0047
0048
0049
0050
0031

0052
0053
0054
0053
0056
0057
0058
0059
0060
0061
0062
0063
0064

0063
0066
0067
0068
0069
0070
0071
0072
0073
0074

0075
0076
oia79
d078
0079
0080
0081

34

36
c
37

38

50

c

40
c
c

0082
0083
0084
0085
0086
0087

c
c

0088
0089
0090

c
0091
0092
0093
0094
0093
0096
0097
0098
0099
0100
0101

43

100

101

102

46
47

ALFA=-2+7726XGSG!/FWHMXX2
EXP1=ATAIL
EXF’2=BTAIL
NUM = 9
IF (ALFA +,2) 36J3&~37
NuFl = 7
DETERMINE PEAK POSITIONS OF REFERENCE PEAKS
CALL GFIT (JPK?FKPO~~HT,NUMtALFAyEXPl ,k;XF’2rY)
REFCH(J) = ST1 + F’KPO -- 1+
F’P = REFCH(J)
F’KP = F’P
[Io 38 I = 1,4
F’KF’ = F’KF’ X REFCH(J)
F’F’ = F’F’ + CLIN(I) X F’KF’
XC(J) = F’F’
CONTINUE
GAIN = (STD(2) - ST13(l)) / (XC(2) - XC(I))
Gf$INJ =GAIN
ZERO = STD(l) - GAIN X XC(1)
ZEROJ = ZERO
CALCULATE AFFECT OF’ SYSTEM NONLINEARITY ON ENERGY flEAStJREMENT,
CLIN(I) VALUES =0 FOR LINEAR RESPONSE,
AVECH= 0,5 X (IST+IEND)
PF’ = AVECH
F’KF’ = F’F
IIo S2 I = 174

F’KP = PKF’ * AVECH
F’P = F’F’ + CLI.N(I) X F’KF’
STD( 1 ) = ZERO + GAIN X F’F
ST[I(2) = AVECH
REFEN = STII(l)
REFCHA = STD(2)
[iETERtlINE PEAK GROUPING LOCATION AND READ IN DATPI
N[lPTs = IEN1l - IsT + 1
N[lATA = NDF’TS + NUMS + NUME
IsTQ= IST-NUMS+l
CALL RIlSK(IST2,NIlATA,FNAME, Y)
START = 1ST --1
XN = o*
NE1 = NDF’TS + NUtlS
DETERMINE AVERAGE EM4CKGROUND LEVEL IN FRoNT ANI! I~AcK oF
PEAK GROUPING
CALL AUE (l,NUMSrEiGIl,OVEiGl, Y)
CALL AVE (NElrNIIATArYSUtltAVEG2rY)
EIGO = 13GD - YSUM
K=NUMS+l
KK = NE1 - 1
CALL AVE (tirKK, YSUfl>[I[l~Y)
REMOVE BACKGROUND CONTINUUM FROM PEAK GROUPING, PRESERVE
ENTERING AND EXITING BACKGROUND SLOPES+
SLF’(1) = SLF’(1) X ●O1 X AVBGl
SLF’(2)= SLF’(2) X ,01 X AVBG2
CALL BKGRD (NUflSrNEl SAVEIGl rAVBG2SSLF’( l) JSLF(2) rYSUMSNIiF’TSJY,Y)
TEST TO SEE IF TOO MANY CHANNELS
IF (NDF’TS - 240) 44,44,43
CONTINUE
TYPE 100,N[IF’TS
FORMAT (’TOO MANY CHANNELS, NIIPTS =
TYPE 101

‘sI~)

FORMAT(’ NEW STARTING CHANNEL = ‘,$)
ACCEPT 102rIST
FORMAT(I4)
IF(IST)47~46~47
1ST = START t 1+
ST1 = 1ST
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0102
0103
0104
0105
0106
0107

. 0108
0109
0110
0111.. 0112
0113
0114
0115
0116
0117

ol~4
0125
ol~6
0127
o~~8

0130
0132
0133
01.34
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148

0149
, 0150

0151
0152
0153

. 0154
0155
0156

103

48
49

60

44
c

c
c
c

61

65

63

!53

70
c
c

64

55

($SQ = GAIN X GAIN
SG = SHAPC(l)/GSQ + SHAPC(2) X ST1/GAIi’4 + .462
ALF’HA = -2.7726/SG
TYPE 103
F(IFMAT(’ NEW ENIIING CHANNEL = ‘~$)
ACCEPT 102tIENIl
IF(IENll)49~48~49
IEND = START + FL.OAT(NIIPTS) - 1+
NIIF’Ts = IENIt -- IST + 1
L = ST1 - START
IIIJ Ao I =lpN[tF’TS
Y(I) = Y(L)
L =L+l
CONTINUE
START = ST1 - 1.
AVEBG = 0+5 * (AVBGI + AV13G2)
IIETERMINE FE(4K POSITIONS FROfl GAIN ANII ZERO VALUES
110 42 J = l,NP
F’KF’OS(J) = (EN(J) -- REFEN)/ GAIN + REFCHA - START
NF’K = F’KPOS(J) + 0,5
F’KHT(J) = Y(NF’K)
CONTINUE
FF’KHT=O,
FIX THE INTENSITY RELATIONSHIPS THAT HAVE IiEEN SPECIFIED
IN THE INPUT+ READJUST F’EAK HEIGHT
ESTIMATES FOR INTERFERENCES FROfl NEIGHE{ORIN(3 F’EAKS,
[10 70 J=l~NP
L.=J-1
IF(L)65>65~61
K!x=FKPoS(J)-PKPOS(L)
IF(NYF’LG(L) +LT,O)F’KH1(L.)=FF’KHT
IF(FF’KHT +E(2+0, )GDTCI 51
[W’KHT=F’KHT( L)XEXP(ALPHAX[tX*IIX)
F’KHT(J)=PKHT(J)-llF’KHT
L=J+l
IF(L--NF’)63r63s7O
DX=PKFoS(J)-F’KF’OS(L)
‘IF’(NYFLG(L) )51?53?53
FF’K’HT=HIGHT(L)
IF(HIGHT(L ))62r53s53
K=-NYFLG(l..)
[lxx=F’KPOS(L)--F’KF’OS(;)
FCT=-HIGHT(L)XEXF’(ALF’HA$CIIXXXDXX )
F%HT(K)=F’KHT(K)*(lo-FCT/( I.+FCT))
FF’K}+T=-HIGHT(L )XF’KHT(K)
F’K’HT(L)=FFIKHT
[!PKHT=F’’KHT(L )XEXF’(ALPHA$[1XX[IX )
F’KHT(J) =F’ti’HT(J)-HF’KHT
CONTINUE
FIX THE ENERGY RELATIONSHIP’S THAT HAVE BEEN
SPECIFIED IN THE INPUT+
[10 55 J =lrNF’
IF(NXFLG( J))64~53~55
L = -NXFLG(J)
F’KF’OS(J) = PKF’OS(L) -(EN(L) - EN(J))/GAIt4
CONTINUE
ITER = 1
NFLG(6) = o
SLF’(1) = SHAF’C(2)/GAIN ‘

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
0157 CALL ASSIGN(NIIEV~ ’SY:GNL,IIAT ‘)
0158 WRITE (NDEV) (#itlATRX(I) , I = I,IALGTH)
0159 CALL CL(ISE(NBEV)
0160 CALL. ASSIGN(NIIEVS ’SY:FASS+DAT’ )
0161 WRITE (NDEV) (BflATRX(I)~ I = lsIBLGTH)
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OIL2 CALL CLC)SE(NIIEU)
0163 CALL CHAIN(ULFIT2,0,0)

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
0164 ENU

.
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0001
0002
(.)OQ3

0004

0005
()()06

0007

0008
!)009
Oo1o
0011
0012
0013
0014
0015
0016

0017
0018
ooi9
0020
0021
()()~~
()()23

0024
0025
0026

0027
0028
0029
0030
0031
0032
0033
0034
0035

0036
0037
0038
0039

c

PROGRAM ULF’IT2
L.INK’ WITH BWF,AUE,MLR,MLRA,MLRE
THIS SUBPROGRAM IS THE THIRLl PART TO THE PROGRAM ‘GRFANL’,
IT PERFORMS A TAYLOR’S EXPANSION ABOUT’ THE TRIAL. VALUES
TO OBTAIN A SET OF LINEAR EQUATIONS? WHICH ARE SOLUEII BY
“THE METHOD OF LEAST’ SQUARES. T}+E TRIAL VALUES ARE THEN
INCK’EMENT’EII BY THE RESULTS OF THE FIT+ IF TtiE INCREMENT(S)
EXCEEIIS A SPECIFIED VALUE? THE SET OF EQUATIONS IS REFORflE[lr
SOL.VEIl ANII INCREMENTED. THE PROCESS CONTINUES UNTIL. ALL
TESTS ARE SATISFIED OR 10 ITERATIONS HAVE BEEN MA[iEs
WHICHEVER OCCURS FIRST,
INTEGEF(X2 ULOUT2(4)
IIIMENSION AMATRx(5#88),EiMA”rRx(256)
COFftl(3N/GNL/ K,KKrNIlP7 S~NP,ITER,NWRIlS( 5) rNFL.Gl rNFLG2~NFLG3r

1 NFLG4,NFLG5JNXF’,MWRDS (14)TNYFLG(20) rNXFLG(20),FNAME(3) ,ATAILJ
~ BTAIL,GAJ.N,ALFA,START’ ~AL.PHA~FWHM>EXPl. ~EXP2rEXP3JEXP4~REFENY
T. . REFCH,BG(2) 7AVEBG~ASLF’>SL.P~EN(20) ~SHAF’C( 10)~CLIN(3)~
4 HIGHT(20) rGAMf$(20),YNET (240),F’KF’0S(20) ~F’KHT(20) >DELY(240)?
5 DEL(20),RM(240),U M(20) JACOEF(240r20) ?11M(20), ERR(7)

COMMOh!/F’ASS/ENJ(20) rISTSIENL’lJNUMSJrNUMEJ~ GAINJ~ZEROJ~STlJ~ST2J~
1 STRJ(20) ,NENUM~ALPJ~ TAMFrTSLP> TLAMF’~TL,SLF’rBKGSLF(2) ~FILE(3)1SSSr
~ YESrEKl,NGAIN, IREGG,LISTFG~ F’AME(3),SUM(20)

[tIMENsIoN wM(~o),NFLG(5)
EQUIVALENCE (K,A)IATRX( I)), (ENJ(l), 8t’fATRX( l) ),(NFLG(l),NFLGl )
“THIS FROGRAM CHAINS TO THE SUBPROGRAM 1JLOUT2 ON RK3
DATA ULOUT2/3RRK3r3RUL.0,3RUT2,3RSAU/

cccccccccccccccccccccccccccccccccct:cccccccc(:cccccccccccccc
c REAII IN T}{E: COMMON BLOCKS FROM THE SYS DEVICE

IAL.GTH = 5888
I13LGTH = 256
N1lEU = 1

CALL ASSIGN( NDfJV~’SY:GNL,D#IT’ )
READ (NDEV) (AMATRX(I}, I = lQIALGTH)
CALL CLOSE(NIIEV)
CALL ASSIGN(NIIEV) ’SY:F’ASS +DAT’)
REAII (NDEV) {.BMATRX(I) ~ I = 1 ~IBLGTH)
CALL CLOSE(NUEV)

cccccccc;cccccccccccccccccccccccccccccccccccccccccccccccccc
1

33
34

c
c
c

107

108

109

KK = NFL.GI + NFLG2 + NFL.G3 + NFL.G4 + NFLG5
IF(ITEK’ - NFLG4 -NFLG5)32?33?33
KK = KK -NFLG2
NFL[j~ z -NFLG~

IF(IT’ER - NFLG3 -NFLG4 -- NFL.G5)34?35?35
KK = KK - NFLG3
NFL.G3 = -- NFL(;3
SG = --2,7726 / ALPHA
CX = SQRT(-ALF’HA)
XF’TS = N~lF”Ts
CALCL!LATE PEAK TAILING INTENSITIES AT THE GROUP BOUNDARIES+
THESE VALUES USED LATER TO ADJUST NET CCIUNTS OF PEAK
GROUPING,
BG(I) = O,
BG(2) = O,
~lo 4o0 J = I,NF’

TYPE 107
FORflAT(’ # OF BKG+ CHANNELS IN BACK OF GROUP - ‘~’$)
ACCEPT I06PNUME
NUMEJ = NUME
TYPE 108
FORMAT(’ GAIN (NEG. VALUE FOR ABSOLUTE’ ./

1 , IF =0, PEAK AWEA SIMPLY INTEGF{ATEII) = ‘,$)
ACCEPT 109~Gf$IN
FORMAT(F9+6)
NGAIN = O
TYPE 110
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0040
0041
0042
0043
0044

0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061

0062
0063
0064
0065
0066

0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077

0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091

0092
0093
0094
0095
0097
0098
0100
0101

110

111

c
59

1089

1090

c
60

c
61
112

113

114

62

115

116

3
117

118

1181

FCIRHAT(’ ENERGY OF ZERO GHAN =’,$)
ACCEPT lll~ZfIRO
ZEROJ=ZERO
FORMAT(F8,4)
IF(GAIN)60r59~61
IF GAIN=OS SIMPLY INTEGRATE NET COUNTS ABOVE E{ACNGROUND
NIIF’TS=IEND-IST+l
NIJATA=NDF’TS+NUtlS+NUflE
XNUflS=NUMS
ST~=ST.XNUHS

IST2=ST2+1,
.“

CALL R[ISK(IST2,NI}ATAYFNAMEtY)
NEI=NIIF’TS+NUMS
CALL HAXVAL( l~N[tATArJPK~YtiAXJ Y)
CALL GFIT(JF’KYF’KF’OJF’HTr5~0, ,O+rO+~Y)
F’KF’O=F’KPO+ST2 - 1+
CALL NCNTS(l,NUMS~NEl ~NIlATA~NII,BGIlrSUM~ER~AVEBG,YtY)
ER=ER/SUtl$100*
PRINT 1089~F’KF’O
FORMAT(’ PEAK POSITION: ’~F8,3)
PRINT 1090,SU14rER
FORflAT(’ NET’ COUNTS FOR GIVEN REGION:’,F8,0r’+- ‘,F7,2s ’Z’}
CALL EXIT
GAIN IS ABSOLUTE
GAIN = - GAIN
Gf+INJ = GAIN
NGAIN = 1
RKEV = GAIN
GOTO 62
GET REFERENCE PEAKS FOR REDETERMINATION OF GAIN ANII ZERO
TYPE 112
FORflAT(’ REFERENCE F’K #1 ENERGY = ‘~$)
ACCEF’T l13~STIl(l)
STIJ = STIl(l)
FORMAT(F8*3)
TYPE 114
FORMAT(’ REFERENCE FK #2 ENERGY = ‘,$)
ACCEPT 113>STD(2)
CJT2J s ST[,(2)

TYPE 115
FORMAT(’ LIST F’K ENERGIES IN THIS GROUF’ (NEG, VALUES F’(IR XRAYS)’

1 / ‘ TERtlINATE WITH A 0’)
1=0
I =1+1
TYPE 1150~1
FORMAT(13?’ ‘?$)
NXFLG(I) = O
GAMA(I) = 0,
ACCEPT l16rEN(I)
FORMAT(F1O*4)
NYFLG(I) = 1
ENJ(I)= EN(I)
STRJ(I) = ANO
IF(EN(I))39472
TYPE 117
FORMAT{’ INTRINSIC WIDTH (EV) = ‘!/

1 ‘ IF ENTRY=Or ESTIMATED UALUE USEIl ‘~$)
ACCEPT 118,GAMA(I)
FoRflAT(F6*l )
EN(I) =-EN( I )
IF(GAMA( I)+NE,O)GOTO 1181
GAtlA(I )=-o*4+o+4*EN(I)
IF(EN(I ), GT.28,’)GAFIA( I)=GAMA( 1)-27 *22+,972XEN(I)
GAMA(I) = GAMA(I) X +001/GAJ.N
GOTO 2
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.

0102 4 NF’ = I --1
0103 NENUM = NF’
0104 TYPE 1190,NF’
0105 1190 F(3RMAT(//~I.3,’ PEAKS WERE ENTERED FOR THIS REGION’)
0106
0107 119

8

124

43
48

126

3.35

TYPE 119
FORMAT(’ TYPE SERUENCE # [IF PEAKS WHfJSE f.:NEh!f3f ARE UNCERTAIN’.,’

1 ‘ TYPE 99 FOR ALL. -- NEG+ FCIR FIXED REL.ATIiMUN41P+ END bll”l}io’:I
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1’J7

128

9
.,. 3
141

TYPE 127
Ft)RMh”l’( ‘ 1!0 ‘i I)l.J WAN”r “TO FREE $,NY ;;;+{]7[ P,.?>(.,PIc-, kh:) ,“ ‘ ,$ ;,,,.. .... .

IF(. NU”l. YE SND())GfJ7”() 24
“TYPE’ 12El
FOF(MAT(’ AL.F’HA? ‘,$)
IF(,N0’T,YE5NO( ))GOTU 15
NFLG(l) = 1
ALF’J = AYES
TYPE 129
FORMAT(’ SHORT “TERM “lAIL AMF’L.ITUU!I;? ‘,$)
IF’(+NOT’ +YESN(30) GOTo 17
NFL-G(2) = 1.
STAMP = AYES
TYPE 130
FORMAT(’ SHORT TERi’i TAIL. SLOPE? ‘,$1
IF(,NOT,YESNO( ))GOTO 22
NFLG(3) = 1
STSLF’ = AYES
TYPE 140
FORMAT ( ‘ LONG TEF(M TAIL AtlF’LITUDE’?’~$)
IF(,140T, YESNO())GOT0 23
NFL.G(4) = 1
TLAMP := AYES
TYPE 141
FOftMAT(’ LONG TERM TAIL SLOFIE?’~$)
IF(, NOT,YESNO())GOTO 24
NFLG(5) = 1
TLSLF’ = AYES
GOTO 24
“l”YPE 142
F(lRi’ff$T(’ FUHrl (IN KEU) =’,$)
ACCEPT 143,FWHt4
FoRMPlT(F7*4)
TYPE 144
FORMAT{’ TO BE FREED? ‘,$)
IF’(,NOT +YESNO())GOTO 26
NFLC;(I) = 1
AL.F’J = AYES
TYPE 14!5
FORMAT(’ SHCIRT TERM TAIL Af4P1.ITUIIE = ‘,$)
ACCEPT 143YA”IAIL
TYPE 144
lF(,NOT +YESNO())GOTO 27
NF1.G(2) = 1
STAMP = AYES
TYFE 146
FORMAT{’ SHORT “TERM TAILIMG SLoFE = ‘,$)
ACCEPT 143,EiTA1L
EiTAIL = EITAIL X GAIN
TYPE 144
IF(,NOT+ YESNCI())GOTO 28
NFLG(3) = 1
STSLF’ = AYES
TYPE 147
FCIRMAT(’ LONG TERM TAILING AMF’L.ITUDE = ‘~$)
ACCEPT 143,EXF’3
TYPE 144
IF(,NOT +YESNC)())GOTO 29
NFLG(4) = 1
TLAMF’ = AYES
TYPE 148
FORflAT(’ LONG TERM TAILING SLOPE = ‘,$)
ACCEPT 143JEXF’4
EXP4 = EXF’4 X GAIN
TYPE 144
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IF(+NCJT +YESNO())GOTO 30
NF1..C$(5) = 1
‘T’LSLP = AYES
5G = FW}-lM ** 2
ALPHA = --2+’7726 $ GAIN X GAIN / SG
~}j~p[’(?) =.,.-. .0017!l”HI!3 IS AN APPROXIMATE VALUE USED F(IR OSLP
13(IT0 31
GSQ m GAIN ~ GAIN

AUECH =: 0+5 * (1ST + IENII)
AVllN :: AVEC}4 X GAIN + ZERO
SG = SHAPC(l)/GSQ + SHAF’C(2) * (IST/GAIt4+ZERCl/GSQ) + .462
F~wHM = SCJRT(SG)
ATAI,L Z= EXF’(SHAFC(3) + AVEN X SHAF’C(4))
BTAIL = SHAFC(5) X GAIN
OL.F’HA = --2,”7726/ SG
“TYF’E 131
F’ORMA”I(’ LOW ENERGY 14KGRD SLOPE EXF’REssEIl IN ~/cHAN =’,$)
ACCEPT 132TSLP(1)
I{KGSLF(I) = SLF’(1)
TYPE 1331
FOFi’MAT(’ HIGH ENERGY 14KGRD SLOPE EXPRESSED IN %/CHAN =’~$)
ACCEPT 132JSL.F’(:?)
BKGSLF’( 2)=!3L.F’(2)
FORMAT(F5,3)
“THE FCILLCIWING STATEMENTS WRITE THE COMMON BLOCKS TO
THE SYSTEM DEVICE, THESE F’ILES ARE THEN READ E4Y ULOAI12

CCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
NDEV = 1
CALL. ASST.GN(NIIEV, ’SY:GNL,DAT ‘)
WRITE (NIIEV) (AMArRx(I)Y I = I~IALGTH)
C;ALL CLOSE(NDIIV)
CALL ASSIGN(NIIEV~ ’SY:PASS,[IAT’ )
WRITE (NDEV) (BflATf(X(I), I = l~IBLGTH)
CALL CLCISE(NJJEV)
CALL CHAIN(ULQA[12~O~O)

cc(:cccccccc(:cccccccccccccccccccccccccccccccccccccc
END
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c
c
c
c

0001
0002
0003
0004

0005

0006
0007
000s
0009

PROGRAM ULOUT2
LINK WITH F([ISKrAVE
ALSO L.INK WITH CALtlU~CALGF’MtGF’M IF
Gf$flMA EMISSIONS ARE I.NCLUDEH
LOGICAL*1 DTE(lO)~YESNO
REAL*8 STIMErCOFMU
[IIMENS1oN B(20)yAMATRX(5888),13MATRX(256)
COflMON/GNL/ K~KK?NIIPTS~NP~NWF(IIS( 26) sNYFLG(20) JNXFLG(20) r

i FNAME(3) ~ATAILrRTAIL~GAIN~ALFA?START >AL.PHAsFWHM~EXPl >EXF2~
~ EXF’3,EXF’4?F(EFEN?REFCH? BG(2)?AVEBGYASLP?SLP?EN(20) ?SHAPC(10)?
3 CLIN(5),HIGHT (20) rGAMA(20) rYNET(240)r
4 F’KF’0S(20) ~F’KHT( 20)rRES(240) ,[lEL(20) rRM(240)rUf4(20) ~
5 13M(4800) ~HM(20)rERR(7)

COMMON/F’ASS/ENJ(20) ~ISTr IENIISNUMSJ~NUMEJ~ GAINJrZEROJ~STIJS
1 !3T2J~S1’RJ(20) rNENUM~ALPJ?TAMPrTSLF~ TLAtiP~TL.SLF’~ J3KGSLF’(2) r
-)L CF’1LE(3) ~SSSJYESrBKl ~NGAINr IREGG~LISTFG?[lFILE(3)s
3 YSUtl(20) rQFT(100)~SDOF(20) ?SUMR(20) ?EDGE(20) >NSMBL(20) r
4 cOFtlU(8~20) ~MTLZ(5)rCMPOS(5) rNABS(5) ~ABSRB(5)r[~CNST( 16)r
Z NlrN2rGEOM~SURFCJSMPWTJ DEPTH

EG!UIUALENCE (KrAMATRX( l) )~(E.NJ(l)rBMATRX( 1))
BATA Y/4HYES /
riATfI ANO/4HN0 /
[!f$T/I IiL/4H /

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c READ IN COMMON BLOCKS FROM SYS DEVICE

0010
0011
0012
0013
0014
001!5
0016
0017
0018

IALGTH = 5888
I13LGTH = 256
NIIEV = 1
CALL ASSIGN(NDEV~ ’SY:GNL+IIAT ‘)
REAII (NDEV) (f$MATRX(I)~ I = I!IALGTH)
CALL CLOSE(NDEV)
CALL ASSIGN(NDEVy ’SY:PASS+[IAT ‘)
READ (NDEV) (BMATRX(I)r I = l.rIBL.GTH)
CALL CLOSE(N[lEV)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
0019
0020
0021
0022
0023
0024
0025
oo~6 4

0027
0028
0029
0030
()()31
0032
0033
0034
0033
0036 6
0037 8
0038
0039 9
0040
0041
3042
0043
0044
0045
0046
0047
0048

CALL IIATE(DTE)
SG = -2,7726/ ALPH#I
ALFA = -2+7726/SG
FWHM = SQRT(SG)
13TflIL = EXF’2/GAIN
EXP4 = ExF’4/GAIN
[IO 4 1=1,100
LIFT(I)=O,O
(WT(50)=1,
Klx=o .
L=~o
DO 6 1=51,100
KIX=:DX+l+
l_=L..~

QFT(I)=SQRT(EXF’(ALFAXIIXXIIX) )
C)FT(L)=NFT(I)
IF(RFT( I)-+OI)8?6?4
CONTINUE
110 9 J=l!NP
EjIioF(J)=O+O
SUMR(J)=O+O
SUM=O+O
I1O 11 I = l,NIIPTS
RES(I) = RM(I) X SORT (YNET(I) + AVEBG)
RR = RM(I)XX2
SUM = SUM + RR
I1O 10 J=I,NF’
NF’K=F’ti’F’OS(J)+O.5
K=I-NF’K+50
IF(K.LT*O)GOTO 10
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0050
()():;~

0053
0054
()()SCJ

0056
0057
0058
0059
0060
Ool%l
0062
0063
00/)4

0066

0067

0068
0069

0070
0071
0072
0074
0075
0077
0078
0079
0081
0083
0085
0086
0087
0088

0089

0090
0092
0093

IF(K,GT,1OO)GOTO 10
SDOF(J)=SDOF(J) +QF’T (K)
SUflR(J) =SLJMR(J)+CIF’T(K)XRK’

10 CONTINUE
11 CONTINUE

IIOF = NDFTS

GFIT - 5UM /-”Kl~) ‘- ‘p-$
FWHfl = FWHM X GAIN
CALL. RIISK(l r20rFNAMErB)
TIME =: B(l)
TOC = B(2)
CALL GTIH(STIME)
CALL C~)TTIM{STIME~ IHRrIMIN~ ISECFITIC)
WRITE(6~Y010) (IlTE(-1)~ J=l J9)~IHR TIflINrFNAtlE,CFILES

lTIMErTIflOCrGAIN
9010 FORMAT(’I PROGRAM GRF’ANL LLL VERSION l’~10X~9fllr14r’:’*12~//

1’ FILE NAflE’~2XS3A4~20Xr ‘ PARAMETER FILE’P2XP3A4S//
1’ LIVE TIME’ ~F8,1~’ SECONIIS’S/
1’ START DAY ‘YF7,3v/
1’ KEv/cHANNEL’7Flo,69/ )

WRITE(6,9020) ISTr IENIl,NUMSJrNUMEJ~ ZEROJrSTlJ~ST2J~ALF’JSTAMF’J
i TSLF’rTLAMF’rTLSLF’,BKGSLP( l)~BKGSLF’(2)

9(J~o FORMAT(/
1’ GROUP STARTS AT CHANNEL ‘?15/
1’ GROUP ENLIS AT CHANNEL ‘?15/
1’ BACKGROUND LOW ENERGY ‘r15/
1’ BACKGROUND }{IGH ENERGY ‘?13/
1’ ZERO ‘13XYFt3.4//
1’ REFERENCE FK #1 ENERGY =’,F8,3/
1’ REFERENCE F’K *2 IENERGY =’rFf3t3//
l.’ PARAMETER TABLE F’REE’/
1’ ALF’HA ‘~12XJA4/
1’ SHORT TAIL AMF’LITU[lE’6X,A4/
1’ SHORT TAIL SLOPE ‘bX,A4//
1’ LONG TERM TAIL A)lF’LITUDE’,2XSA4/
1’ LONG TERM TAIL SL13PE’r6XrA4//
1’ LOW ENERGY REGION BACKGROUND.I SLOF’E ‘vF8,4P/
1’ HIGH ENERGY REGION BACKGROUN[l SLOPE ‘,F8+4/)

WRITE (6r9030)
9030 FORMAT(/

1’ PEAK ENERGY WIDTH UNCERTAIN FIXErI UNCERTAIN RATIOED
i F(ATIO’/

DO 500 I=l,N;~;M
1’ NUtlBEK’ EU ENERGY TO INTENSITY TO’/)

GAtlA(I)=GAMA(I)XGAINJ/.001
IF(GAMA( I) +EQ+O)GAMA(J. ) = 8L
NX = BL
IF(NXFL.G( I) +LT*O)NX=-NXFLC;( 1)
ANY = Y
NYY = HL
IF(NYFLG( I).LT.O)ANY = ANO
IF(NYFLG( I)+LT.O)NYY = - NYFLG(I)
IF(HIGHT( I),EG+O)HIGHT( I)=8L
WRITE (6~9040) I,ENJ(3. )>GAMA(I)~STRJ (I) ~NX, ANYrNYY,}+IGH”T(I )

9040 FORMAT( 16rF9+3~F7*2~:;X sf$4r3X~.14J9XrA4~3XJ 14~9XJF8tf3)
500 CONTINUE

WRITE(6J9050) C~FITJFWHMJERR(3) rGAIN rEXF’l JERR(4)?ETAIL, KRR!3)J
1 EXF’3,ERR(6) PEXF’4JERR(7)

9050 FORMAT(//’ ANALYSIS RESULTS’,//
1’ GIFIT’JF6.1>’ K:Wt+M’rF8.5~’+--’?FA,4 ?’ KEV/CHANNEL’ ~FIO.Lr/r33X~
1’ EXF’1’JF9*5? ’+-’ ?F6*4? ‘ EXP2’9F9*3? ’+- ’7F.5+ 4?/?33x7
1’ EXP3’?F9+5Y ’+--’7F6*49 ‘ EXF’’4’,F9,5v’+-’,F6,4,// )

IF(EXF’3.GE .O, )GOTO 38
F’RINT 9060

9060 FORMAT(’ EXP3 IS NEGATIVE---CHECK HACKGROUNII’)
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c THIS F’ORTION OF CODING FOR THE CALCULATION OF ABSOLUTE
c GAMMA INTENSITIES
c EFLG=o !INITIALIZE FLAG
c TYPE 110
C11O FORMAT (’ DO YoU WANT PHOTON EMISSION RATES CAICU1.ATEII? ‘s$)
c IF(, NOT,YESNU())GOTCI 29
c EFLG=l
c TYPE 111
Clll FORMAT (’ FILE NAME FOR DETECTOR CONSTANTS IS ‘?$)
c ACCEPT 9111rIlFILE
C9111 FORMAT(3A4)
c CALL ASSIGN( lrIIFIL.E~16)
c REA[l(l )(NUM~IICNST( I),I=l ,NUM)
c CALL CLOSE(1)
c TYPE 113
C113 FORMAT (’ SAMPLE IIISTANCE FROM DETECTOR =’,$)
c ACCEPT 9113JGEOM
C9113 FORMAT(F6,2)
c WRITE(6S8113)GEOM
C8113 FORMAT(’ SAMFLE DIsTANCE FROM DETECTOR =’?F6.2)
c GtZOM = GEOfl + DCNST(15)
c TYPE 114
C114 FORMAT (’ SAMPLE AREA =’,$)
c ACCEPT 9113rSURFC
c WRITE(6,8114)SURFC
C8114 FORMAT(’ SAMF’LE’ SURFACE AREA :=’~F6.2)
c IF (SURFC) 21~22r21
c-l TYPE 115
C115 FORMAT (’ SAMF’LE bJEIGHT =’,$)
c ACCEPT 9115JSMF’WT
C9115 FoRtlAT(F8*3)
c WRITE (6?8113)SMF’WT
C8115 FORMAT(’ SAMPLE WEIGHT =’rF8.3)
C22 IIEF’TH = ,00001
c Nl=o
c IF (SMF’WT) 24r25r24
c24 TYPE 116
C116 FORMAT (’ SAMPLE DEPTH =’r$)
c ACCEPT 9116~IlEF’TH
C9116 F(3RM$IT(F6.3)
c WRITE(6?8116)DEF’TH
C8116 FORMAT(’ SAMPLE DEPTH =’JF’6.3)
c TYPE 117
C117 FORMAT (’ SPECIFY SAMPLE COflF’OSITION (TERMINATE WITH O AHOUN”I’)’
c 1 /’ ELEMENT AMOUNT(Z)’)
c WRITE(6,117)
c K=o
c26 K= K+l
c REAH(5? 118)MTLZ(K) 9CMF’OS(K)
C118 FORMAT (A2~F10.2)
c WRITE(6!8118)MTLZ(K) !CMF’OS(K)
C811B FORMAT( 1X,A2>F1O.2)
c cilF’es(K) = 0,005 X Ct4F’OS(K) X SMPWT / SURFC
c IF (CMPOS(K)) 26J27?26
c27 N1 = K - 1
C25 TYPE 119
C119 FORflAT (’ SPECIFY ABSORBERS USEII’~/’ ELEMENT AMOUNT (G/SR--CM)’)
c WRITE(6rl19)
c ~=o
c28 K=K+l
c READ (3,118) NAJ3S(K),ABSRB(K)
c WRITE(698118)NABS(K),ABSRB(K)
c IF (A13SRIi(K)) 28,29~28
C29 N2 =K-1
c IF (Nl + N2) 37r38r37
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0094
0095

. 0096
009’7
0098
0099

.

0100
0101
0102
0103
0104
01.0’5
0106
0107
0108
0109
0110
01.li
0112
0113
01-J.4
0115
() :1.16

C37
c
cl~()

38

121

c

48

31

36

c
c
c
c
c
c
c
c
40
io~

90
122

9100

9110
103

CALL ASSIGN( lr’SY:AE@COF,I@T ‘~’OLD’)
READ(l, 120) (NSM13L(J) ~EIIGE(J) ~(COFMU(I~J)rI=l~8)~J=l ,20)
FoRt4AT(lx?A2?F7+3?4F12+9/lox7 4F’12,Y)
~=~~

WRITE (6?121}
FORMAT (/3X,’ CHANNEL ENERGY COUNTS GAilMAS/MJ.N PcTERR’)

DO 122 J = l,NF’
!3G = _~j,77~6/AL~HA + AsLF $ PKPos(J)

ALFA = -2,7726/SG
CALCULATE PORTION OF F’E’AK AREAS OUTSIIIE E{OLJNIIARIES
FRACT1 = 0+
FRACT2 = 0.
IF(GAMA(J) )48~48~50
GAf4A’(J)=GA?4A(J}X,001/GAIN
FK’AC1 = ATAN(2+ X F’KFOS(J)/GAf4A(J))
FK’ACTI = 1+ - ,6366 $ FRAC1
DELT = NDF’TS - F’KF’OS(J)
FRAC2! = ATAN(2, X IIELT/GAMA(J))
FK’ACT2 = 1+ - ,4366 X FRAC2
CT’S s YSUfl(J) + YSUM(J) X (FRACT1 + FRACT2)
F’CERR = 0+0
IF(NYFL.G( J))36~36r31
L = L+i
(lFTL=SUMR(J)/(SDOF(J)-l + )
F’CERR = (100. X Dfi(l.) X SQRT(QFTL))/F’KHT(J)
CHAN = F’KF’OS(J) + START
tYPK = REFEN + (CHAN - REFCH) X GAIN
“THIS F’ORTION OF CODIN(’; FOR CALCULATION OF ABSOL.UTE
GAMMA INTENSITIES
GAMAS =0,
VALUE=CTS
IF(EFLG+EQ,O)GOTO 40
CALL. CAL.GF’M(EF’NrUALUE)
GAtlAS=VAL.UE
GAMAS = GAMAS / TIME X 60+
WRITE {6~102) J,CHAN~EF’KrCTSrGAMASSPCERR
FORMAT (13,F9+3rF10+3rF9+O>El 1+4sF6.1)
IF (NXFLG(J)) 122r122~90
L. = L. + 1
CONTINUE
IF(LISTFG+E(J+l) RETURN
WRITE(6,9100)
}:oRMAT(. cHANNEL ENERGY INDEX YNET RESIBUALS STD DEU’)
YF’=0 ,
DO 103 I=I,NL’IFTS
IIBG = HG(2}-BG(I)
CAL.L AVE(l. rNIIF’TSr TAF(EA~AVsYNET )
IICH=I+!3TAR”1
EENG = (FLOAT(IICH) -- F(EFCH)* GAIN + REFEN
YF’ = YF’ + YNET(I)
YNET(I) = YNET(I) + I{G(l) + D13G X YF’/TAREA
WRITE(6,911O) I.ICH~EENG~ I~YNET(I)~RES( I)sRM(I)
FORMAT( 157F11*2? I5Y3F1O*2)
coN”rl’NuE
CAL.L CLOSE(6)
STOP ‘ENII OF JOB’

0139 END
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c PROGRAfl FILES
c
c THIS IS A GENERAL PURPOSE ROUTINE FOR THE PREPARATION OR EDITING
c WWORPMTTED SEQUENTIAL DISK FILES
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc .

0001
0002

cotlt’foNCON(1OOO)
llItlEtWION FNAflE(!5)

c
DATA MYstlCrilItWJ/’Y’r’C’r’I’r’D’/0003

c
TYPE 100
FORiiAT(’ FILE NA)IIEIS ‘,$)
ACCEPT 200,FNAtItE
FoRt4AT(5A4)
NDEV =1
TYPE 102
FORMAT(’ IS THIS A NEU FILE? ‘t%)
ACCEPT 202rMi
FORMAT)
IF(NM.EQ,fiY) GOTO 10

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013

100

200

102

202

c
c
c

FETCH EXISTING FILE

0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0039
0040
0041
0042
0044
0046
0048

0049
0050
0051
00s2

CALL ASSIGN(NDEVSFNME)
READ(NDEU) (LENGTHrCON( I)r I= ltLENGTH)
CALL CLOSE(NDEV)
TYPE 125pLENGTH
FORMAT(’ FILE LENGTH =’,15)
TYPE 106
FORf4AT(’ HOW MANY VALUES 00 YOU UANT LISTED? ‘r$)
ACCEPT 206~NUH
FORMAT(I4)
IF(NUll)29~29r28
TYPE 107
FORMAT(’ STARTING AT ‘s$)
ACCEPT 206rNtl
NUil = M.lrl+iw”l
PRINT 208r FNMIE(l)rFN/WlE(2)sNIIEU
FORfiAT(’ FILE NAME IS ‘r2A4r’ ON DEVICE # ‘911)
WRITE(6? 108)(I9CON(I)? I = N?I?NUH)
FOR?4AT(/(14rlPE14*6))
CALL CLOSE(6)
TYPE 110
FORi’lAT(’ DO YOU WANT TO EIIIT THE FILE? ‘t%)
ACCEPT 202ri0i
IF(NH,NE.MY)GOTO 30
TYPE 111
FORMAT(’ CHANGE(C) sINSERT(I)r OR IIELETE(D)? ‘t%)
ACCEPT 202JJII
IF(JD.EQ,ilC)GOTO 4
IF(JII,EQ.MI)GOTO 6
IF(JD.EQ.MII)GOTO 15

27

125

106

206

28
107

208

108

29
110

2
111

GOTO 20
CHANGE VALUES IN EXISTING FILE
TYPE 112
FORMT(’ WHICH VALUE? ‘s$)
ACCEPT 206~N
IF(N) 7r8t8
A NEGATIVE VALUE INDICATES ENTRY POSITION IN THE FILE FOR A
SEQUENCE OF CHANGES
N=-N-l

:
112

c
c
70053

0054
0055

TYPE 121
FORMAT(’ HOW MANY VALUES WILL YOU CHANGE? ‘~$)121
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-1

.

0036
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0068

0069
0070
0071
0072
0073
0074
0075
0076
0077

0078
0079
0080
0081
0082
0083

0084
0085
0086

0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0100
0101
0102
0103
0104

8
114

214

116

c
6
118

9

c
15

17

c
10
117

c

11

13

120
12

122

20

30

ACCEPT 206rNUtl
GOTO 13
TYPE 114
FORMAT(’ NEU VALUE = ‘~$)
ACCEPT 214~AA
FORMAT(E12,5)
CON(N)= AA
TYPE 116
FORMAT(’ MORE CHANGES? ‘r%)
ACCEPT 202PNH
IF(Ntl.EQ.i5Y)GOT0 2
GOTO 20
INSERT A NEU UALUE
TYPE 118
FORMAT(’ INSERT BEFORE WHICH VALUE? ‘r%)
ACCEPT 206,N
L = LENGTH
11091= NsLENGTH
CON(L + l)=CON(L)
L=L-l
LENGTH = LENGTH + 1
GOTO 8
DELETE A VALUE FROM THE FILE
TYPE 112
ACCEPT 206rN
LENGTH = LENGTH - 1
no 17 I = NFLENGTH
CON(I) = CON(I+l)
GOTO 2
PREPARE FOR FORMATION OF A NEW FILE
TYPE 117
FORMAT(’ FILE LENGTH =’r$)
ACCEPT 206sLENGTH
ZERO OUT THE ARRAY BEFORE ENTERING VALUES
NUN = LENGTH
DO 11 I = lzLENGTH
CON(I) = 00
N=O
NUfl = NUil + N
TYPE 120
FORMAT(’ TYPE VALUES IN SEQUENCE.’)
N= N+l
TYPE 122cN
FORMAT(14S2XV$)
ACCEPT 214rCON(N)
IF(N.NE.NUM)GOTO 12
CALL ASSIGN(NUEVrFNAtlE)
WRITE (NDEV) (LENGTHsCON(I)r I = l~LENGTH)
CALL CLOSE(NtIEV)
STOP ‘ALL DONE’
END
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0001

0002
0003

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
Q()~3
0024
0025
0026
0027
0028
oo29
0030
0031
0032
0033
0034
0035
0036

0037
0038
0039
0040
0041
0042
0043
0044

0045
0046

0047
004B

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c Program PKSHAP
c
c This Prosram determines a set of Parameters usecl to describe the
c ~eak shapes of a Samma s~ertrum, Int=utcomes from shape
c characteristics of a low and hish enersls Peakv each from the
c. GRF’ANL ~rosfram.
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc—-..— ----- . . . . . . - . . . . . - . -. .. ... . - . . -. -. . - . . .. . - . -- . - . . . . .- - . . - .

c

100

200

201

101

202

102

203

103

204

206

1

2

c

c

110

DIilENSIUN tiN{ZJ~UH(Z}?FWHM(ZJ sRIR1L(2) ?WF(2)?IY(2) PSHRFL(lU)

TYPE 100
FORf’fAT( ‘ Peaksha~e Ul+6*use parameters from i3RPANL.’/
+ ‘ Gain (keV*/ch) = ‘7$)
ACCEPT 102s GAIN
PRINT 200t GAIN
FORMAT (’ Gain = ‘F3.3?’ keU./channel’)
TYPE 201
FORMAT (’ Low enerss peak (keV+) = ‘?$)
ACCEPT 101, EN(1)
FORMAT (F8+3)
TYPE 202
FORMAT (’ FldHM= ‘~$)
ACCEPT 102, FWHH(l)
FORMAT (F5+3)
TYPE 203
FORMAT (’ EXP1 = ‘s$)
ACCEPT 103, ATAIL(1)
FORMAT (F5,3)
TYPE 204
FORMAT (’ Hi enerss ~eak (keU.) = ‘~$)
ACCEPT 101; EN(2)
TYPE 202
ACCEPT 102, FWHM(2)
TYPE 203
ACCEPT 103s ATAIL(2)
TYPE 206
FORMAT (’ EXF’2= ‘~$)
ACCEPT 102> EITAIL
GSC?= GAIN X GAIN
[101 J = 1,2
UP(J) = FWHi’4(J)$ FWHM(J) - 0,462 X GSQ
TP(J) = ALOG (ATAIL(J))

CONTINUE
D021 = 1910
SHAPC(I) = 0+0

CONTINUE
Calculate the area / peak-height ratio for a 100 keV+ ~eak+
DEN = 1, / (EN(1) - EN(2))
!%l= (wP(l)- WP(2)) X DEN
SHAPC(l) = UP(1) - EN(1) * SA
SHAPC(2) = SA
S4 = (TP(l) - TF’(2)) X DEN
SHAPC(3) = TP(l) - EN(1) X SA
SHAPC(4) = SA
SHAPC(5) = EITAIL

WRITE (6?110) SHAPC(l) ~SHAPC(2)rSHAPC(3) ,SHAPC(4),SHAF’C(5)
FORMAT (’ Shape parameters are :’v/l’ S(1) =’tF8.5?/’ S(2) =’?
1 Ell+4s/’ S(3) =’JE1003~/’ S(4) =’,E10*3s/
2 ‘ s(5) =’F&*3v//)
CALL EXIT
END

.-
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c SUBROUTINE RDSK
c
c THIS IS A ROUTINE FOR REA131NG UNFORMATTED DIRECT ACCESS FILES
c CONTAINING 64 FLOATING POINT VALUES PER RECORD*
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUEfROUTINE RDSK (NSTrNDPrFNAf’l~ARRAY)
c

DIMENSION BUF(64) rFNAM(3)rARRAY(2)
c

I
&V1= 3
CALL ASSIGN (NDEVrFNAfl)
DEFINE FILE NDEV (64J12BsUJNREC)
NREC = (NST - 1) / 64
N1 = NST - 64 X NREC
NREC = NREC + 1

10 READ (NIIEV’NREC) (HJF(L)? L = 1964)
15 ARRAY(I) = BUF(N1)

N1 = Nl+l
I =1+1
IF (I ●GT, NiJP) GO TO 30
IF (Nl - 64) 15v15v20

20 N1 = 1
GO TO 10

30 CALL CLOSE (NDEU)
RETURN
ENTJ

●
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:cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c LOGICAL FUNCTION YESNO
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c

0001
0002

c
0003 5
0004
0006
0007
0008
0010
0011
0013 10
0014 100
0015
0016 20
0017

c
001s 30
0019
0020

LOGICAL FUNCTION YESNO*l (IANS)
LOGICAL*1 IST(6)~ISTR(4)

CALL GETSTR(5t ISTr3FERR)
IF(ERRoEQ*,TRUE* )GO TO 10
CALL SUBSTR( ISTrISTRslrl)
CALL SCOt4P(’Y’rISTR~IVAL)
IF(IVAL,E~{O)GO TO 20
CALL SCO)lP( ’N’~ISTR~IVAL)
IF(IVALOECIOO)GO TO 30
TYPE 100
FORMAT(’ PLEASE ANSWER Y OR N’)
GOTO 5
YESNO = *TRUE,
RETURN

YESNO .= *FALSE+
RETURN
END
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c

SUBROUTINE HAXUAL
:
c
c THIS ROUTINE RETURNS THE POSITION AND VALUE OF THE MAXIMUM VALUE
c IN A GROUP OF DATA POINTS FROtl NS TO NE INCLUSIVE,
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE MAXVAL (NS~NESJMAX~YMAX~Y)
DIMENSION Y(2)
YMAX = O*O
~ozx = NS,NE
IF (Y(I) - YflAX)2r2~4

4 YMAX = Y(I)
Jbh$X= I

2 CONTINUE
RETURN
END

.’

,
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c SUBROUTINE MINVAL
L
c THIS ROUTINE RETURNS THE POSITION N4U VALUE OF THE ilINIMJll VALUE
c IN A GROUP OF ilATA POINTS FROM NS TO NE INCLUSIVE,
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE MINVAL (NS~NErJHINsYMIN~Y)
DIilENSION Y(2)
YHIN=1oOE38
DO 4 I=NS>NE
IF (Y(I)-Yl’lIN)2~4s4

2 JIIIN=I
YHIN=Y(I)

4 CONTINUE
RETURN
END
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c Subroutine NCNTS
c
c This routine is similar to NCTS except it returns art averatie
c background and an error associated with the total net count.
c
cccccccccccccccccccEcccccccccccccccccccccccccccccccccccccccccccccccccccc

SUEROUTINE NCNTS (Nl~N2ttllrH29ND~Sl,S2;ER~AUEBG,Yl rY2)
IIIMENSION Y1(2)sY2(2)

c
CHANS = Ml - N2 + 1
xPTs=i’12+N2-Ml-Nl +1
CALL NCTS (Nl JN2~Ml,f12~N[I,Sl ~S2,AVl ~AU2~Yl,Y2)
AUEBG = 005 * (#wl + AV2)
IF (S20LTOOOO)S2 = 0,0
ER = Sl?RT (S2 + AVEBG X CHANS X (1, + CHANS / XPTS))
RETURN
END
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c Subroutine NCTS
c

This routine return the net channel counts in a ~esk? the sum of
: the net counts? the averase backsiround levels in front and back
c of’ a peak Sroup> and the number of data points in the net count
c arra%+
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018 1
0019
0020
0021
0022 7
0023
0024 9
0025
0026 11
0027
oo~8 2
oo29

0030 s
0031
0032
0033
0034
0035 4
0036
0037
0038
0039
0040
0041
0042
0043 6
0044 8
0045
0046
0047

SUBROUTINE NCTS (Nl?N2sHl ~H2~NDPSl~S2rAUl rAU2rYlsY2)
tII?lEMiiION Y1(2)?Y2(2)
CALL WE (Nl?N2tSlSAUl~Yl)
CALL AVE (MlrM2tS2sAV2rYl)
S1 =s1+s2
K= N2+1
Kti=M1-1
CALL AVE (K~KK,S2>DUli~Yl)
llBG= (W2 - hvl
L=o
Ys = O*O
Xs = O*O
Yss = O*O
ITER = O
CHANS=KK-K+l
S2 = S2 - AV2 % CHANS
IF (DBG) lr4#4
DO 2 I = KrKK
Ys = YS + Y1(I) - AV2
BG = Avl + DEG * Ys / S2
IF (ITER) 9P9~7
Yss = YSS + YI(I) - BG
BG = AV1 + tIBG$ YSS / S3
CNET = Y1(I) - BG
IF (ITER) 2r2?ll
L =L+l
Y2(L) = CNET
Xs = XS + CNET
IF (ITER) 5P5r8
S3 = Xs
Xs = 0.0
Ys = O*O
ITER = 1
GO TO 1
XK =KK - K + 1
Ys = Avl
DBG = llBG/ XK
DO 6 I = ti~KK
L =L+l
ys=ys + DBG
CNET = Y1(I) - YS
Y2(L) = CNET
Xs = XS + CNET
92 = Xs
NII=L
RETURN
END

.’
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cwcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c SUBROUTINE AWE
c
c THIS ROUTINE IIETERHINES THE AVERAGE COUNT OF A GROUP OF DATA
c VALUES FROM NS TO NE INCLUSIVE* IT ALSO RETURNS THE SUM*
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0001
0002
0003
0004
0005
0006 ~
0007
0008
0009

SUBROUTINE AUE (NS~NE7SUMSAV~Y)
DIMENSION Y(2)
sum = 0+0
SM = NE -NS+l
DO 2 I = NS~NE

Swl = SUM + Y(I)
m) = Swl / ‘m
RETURN
ENll

●
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
SUEROUTINE BKGRD

E
c
c THIS SUBROUTINE CALCULATES THE BACKGROUND IlISTRIBUTIOi4
c FOR THE GIVEN REGION
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011 2
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029 10
0030
0031
‘)032

SUBROUTINE EIKGRD(NS>NE,AVBG1,AVBG2,SLP1 ~SLF’2,SUM,L,Y,YNET)
DIMENSION Y(2)>YNET(2)
XPTS = NE - NS
llBG = ( iwBG2 - AVEIG1) - 0+5 X (SLP1 + SLP2) X XF’TS
XPTS = XPTS - 1,0
Ns = Ns+l
NE = NE - 1
BG2 = AVBG2
Stl = 0.0 .
Do21 = NS?NE
Stl = WI + Y(I)
sM=sM- BG2 $ XPTS
Xs = O*O
ys = ()*()

FDY = 0,0
L =0
XBG = AVBG1
Iu3LP = SLP2 - SLP1
S1 = SLP1
DO 10 I = NS,NE
L =L+l
DY = Y(I) - BG2
HDY = 0,S $ DY
Ys = YS +HIIY+ FDY
RT1 = Ys/sll
XBG = XBG + DBG X DY /Stl+ S1 + RT1 X DSLP
FL’IY= HDY
YNET(L) = Y(I) - XBG
Xs = XS + YNET(L)
SUM = Xs
RETURN
ENO

.
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c SUBROUTINE QFIT
c
c
c THIS ROUTINE PERFORMS A GAUSSIAN FIT TO 5? 7? OR 9 POINTS
c SURROUNDING THE L TH CHANNEL AND RETURNS THE EXACT PEAK POSITION
c AND THE PEAK HEIGHT,
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE BFIT (L~PKPOS~PKHTsNC~ALFASEXPl ~EXP2sY)
DIMENSIONY(2)
SY = O*O
SXY = 0+0
SXXY” = O*O
Lx=- NC/2
Y1 = Y(L+l)
Y2 = Y(L-1)
TPOS = ,5 X (Y2-Y1) / (YI - 2* X Y(L) + Y2)

1
7
5
3

2

4

6

8

10

YO = Y(L)
DO 2 I = lFNC
K.L+LX
XL = LX
DLX = XL - TPOS
Y1 = Y(K)
IF (DLX) 107;7
yl =yl-yo $ Expl* Exp(Exp2 *

IF (Yl) 5r5J3
yl = 1,0
YLOG = ALOG (Yl)
YX = XL % YLOG
SXY = SXY + Yx
SY = SY + YLOG
SXXY = SXXY + XL * YX
LX = LX + 1
CONTINUE
PKP = L
IF (NC - 7) 4v6P8
PKPOS = SXY /
PKHT = 0,4857
GO TO 10
PKPOS = SXY /
PKHT = 003333
GO TO 10
PKPOS = SXY /
PKHT = 0,2554

(2.8571 $ SY -
*sY- 0014286

(2,6666 $ SY -
* SY - 0.04762

DLX) * (1, -EXP(*4*ALFA*DLX*DLX ))

104286 X SXXY)
* SXXY + 005 X SXY X PKPOS

006666 * SXXY)
8 SXXY + .017857 X SXY X PKPOS

(2,597 $ SY - 0,3896 * SXXY)
*sY- 0+02i645 $ SXXY + .0083333 X SXY $ PKPOS

PKHT = EXP (PKHT)
PKPOS = PKPOS + PKP
RETURN
ENtI
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
L

c SUBROUTINE EWF
c
c THIS SUBROUTINE CALCULATES THE LORENTZIAN BROADENED
c DISTRIBUTION FOR X-RAYS. THE VALUES GIVEN FOR THE CA AND Cll
c ARRAYS ARE HEAVY ELEMENTS, THE VALUES GIVEN AT THE RIGHT SHOULD
c BE ENTERED IN THE ARRAYS FOR LIGHT ELEMENTS*
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0001
0002

c
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015 2
0016
0017
0018
0019
oo~() 4

0021
oo~z
0023 10
oo24

0025
0026 12
0027
0028 20
0029

SUBROUTINE BWF (X)
IlIflEN310t4 C61(3)JCB(6)
HEAVY ELEMENTS LIGHT ELEMENTS
CA(1) = ●729281 ! ,681634
CA(2) = ,0344557 ! ,323828
CA(3) = +127639 ! ,138754

CA(4) = -,0325239 !- ,0360606
CA(5) = ,006422S7 ! ,00687045
CB(l) = +933301 !1oO9498
CB(2) = -4,45603 !-406894
CB(3) = 1+16191 !1,18068
CB(4) = -,141124 ! ●0241993
CB(5) = -,0352464 ! ,0952378
CE4(6) = ,00744387 !+0159129
IF (X - 2+2) 2?10?10 !REPLACE 2*2 WITH 2.3 FOR LIGHT Z
xx =x*x
AX = 1+
Sufl = O*O
DO 4 I = 1,5
AX = Ax * xx
SUM = SUM + CA(I) X AX
x = SUM X EXP (-XX)
GO TO 20
XLOG = ALOG (X)
SUM = CB(l)
DO 12 I = 296
Suil = SUM + CB(I) X XLOG XX (I-1)
x = EXP (SUM)
RETURN
END
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c

SU13ROUTINE MLR
:
c THIS IS THE FIRST”F’ART OF A LEAST-SQUARES PROGRAM WHICH UAS
c ADAPTED FROM THE ‘MLR’ PROGRAM WRITTEN BY lit E+ VON HOLDT~LLLo
c THE SEQUEL IS MLRA OR MLRS.
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE ilLR (LBsHsN;YYXJB~R~W;V}NFLG)
DIMENS1ON Y(2),B(2) sR(2)sX(2)SW(2) tV(2)

20

29

30

31
32

35

40

IB = LB
DO 70 I = l~N

T=O.
Iti= (I-1) X IEI
DO 20 K = IYM
LL = IK+li

T = T + B(L1.) % EI(LL)
CONTINUE
IF (T) 30~29~30
NFLG = 2
GO TO 75
ST = !NIRT (T)
LL = IK+l
W(I) = ST
IF (B(LL)) 31r32~32

W(I) = -ST
EI(LL) = B(LL) + W(I)

V(I) = -B(LL) X W(I)
IF (I-N) 35r75~35

IFI= 1+1
IF(IP+GT,N)GOTO 70
DO 60 J = IPsN
T = o*
JK = (J-1) X IEI
no 40 K = Irf’1
LL = IK+K
LLL =JK+K

T = T + B(LL) X B(LLL>
T = T / V(I)
EM350L=I?H
LL =JK+L
LLL = IK+L

H(LL) = B(LL) + T $ E(LLL)
CONTINUE
CONT EWE

CONTINUE
RETURN
END
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ccccccccccccccccccccccccLccccccccccccccccccccccLcL(."L1.;cL:ccccccl:c
c
c !3CJBROUT’lNE IILRA
c
c THIS 1S A SEi3UEL TO THE i’lLR LEAST-SCJUARES FtOUTINE A~lAF’TELl

c FROM T}4E t4LR PROGRAM WRITTEN B“t K’+ H, VC)N tiOl_IIT,LLL.,
c TtiIS SUBROUTINE REQUIRES L.ESS CORE’ HtC#iUSE THE ‘A’ MATRIX
c IS STOREII AS A FILE CIN THE SYSTEM UEVICE,
L,
cccccccccccccccccccccccccct:ccccccccccccccccccccccccccccccccccL:c

80

90

100

105

110

140
150
155

160

215
c
c

suB~:(JuTI}JE NLRA (l.I{sM~N~Y>XtB;R?blrtl rNFLG)
111MEN51C!N Y(2)rA(24C)~B(2?)~F:( 2),X(:? )rW(2)rU(2)
IB = LE{ ‘
Iio 80 I = l,N
R(I) = Y(I)
DO $’0 I = l,N
X(I) = 0+
s = o*
DO 100 L = l,M
s = G + ~(Lj $ R(L)

YE=S
Ilo 1~() I = ~,~
T=O,
LK = (1-1) X IEi
DCl 110 K = IrM
L.L =LK+K
T = T + E4(LL) * R(K)
T = T/v(I)
DCI 120 L = I,M
1..1. = 1-K + L
R(L) =: K’(L.) + T % B(LL.)
CONTINUE
:(N = N
R(IN) = RAW
.J = IN
J = J -1
IF (J) 190,190,160
LL = (IN--1) X IEi + J
K’(J) = R(J) + R(IN) X E{(LL.)
GO TCI 1S5
IN = IN - 1
If-” (IN) 200,200!140
IIC] 210 I = I,N
SC = X(I)
s[i = R(I)
X11 = Sc - Sri
X(I) = XD
Ilo 215 I = I,M
F(I) = Y(I)
REAII SECTIONS OF ‘A’ MATRIX FROM PREVIOUSLY sToREII ‘AHTRXm F1’LEs
STOREII ON SYS
CALL. ASSIGN( l, ’SYS:APfTK’X.DAT ‘~0,’C!LD’,’CC’)
D(J 220 J = l,N
READ (1) (A(I) , I = I,IB)
XII = X{.J)
DO 230 I = 1~11
R(I) = R(1) - A(I) * XII
CONTINUE
CALL CLOSE(1)
~ [- = o*
[ICl 240 I = l,M
RE = RE + R(I) $ R(I)
l’F (RE - s) 25072707270
s = fJ~

G() lrJ 105

t’
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c SUBROUTINE HLRE
c
c THIS ROUTINE OBTAINS THE DIAGONAL MATRIX ELEMENTS FOLLOWING A
c LEAST-S(NJARES CALCULATION, THESE CAN BE USED FOR ERROR

ANALYSIS.
:
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

1

2
c
c
c

3
4

5

6

SUBROUTINE ilLRE(KI,IAtNNsEsW) .,
DIHENSION D(2),B(2)JW(2)
N=NN
DO 6 I =l~N
D(I) = -1+ / W(I)
IF(N-1)49471
JJ = 1+1
IF(JJ.GT.N)GOTO 4
DO 3 J =JJJN
s = o*
KJ=J-1
DO 2 K =IrKJ
LL = (J - 1) X IA + K
s= S + II(K) X B(LL)
CONTINUE

D(J) = S X l./U(J)
CONTINUE
S=o
DO 5 L =ItN
s = S + D(L) **2
CONTINUE
D(I) = S
CONTINUE
RETURN
END

r

.
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21

24
25
27

29

28
30

31

32

34

GPtl
SUBROUTINE GPM (EPK~ELOG~GEOH~SURFC?DEPTHrSMU~VALUE9GAMAS~IlCNST )
ItIMENsION DCNST(2)
EXOVR = IICNST(12)
llETHT = 11cNST(13)
Rsl? = IicNsT(14) * 11cNST(14)
Xtlu = -2,316 + 4*2 X EXP(-,478 * ELOG - 1*434)
X)IU = EXF’ (XMU)
X)’1 = 1*O / XMU
SEE = EXP (-DETHT X XMU)
Xtl= XH * (1. - XMU X UETHT X SEE / (1. - SEE))
GM = GEOH + XH
GG = GH’ 8 GM
ROSQ = -GG + +3 * RSQ / (1, - Gil/SQRT (GG+ RSQ))
ERSQ = ROSG # (1.1 - Xfl/ SQRT (IIETHT))
GGSQ = GG + ERSQ
GLOST = 1.
GCORR = 1.
SQGCR = 1,
SATN = 1,
IF (SURFC) 21s31~21
RR = SURFC / 3*1416
GH2 = GH - IIEPTH * (1, - EXP (-SMU))
GG2 = GM2 X GM2
RR = RR X (104 - ●4 / GM2)
GCORR = RR / (GG2 X ALOG ((GG2 + RR)/GG2))
SQGCR = SQRT (GCORR)
SW = SMU X SQGCR
UL = SW * SMU
TOLOA = 2+ * DEPTH / Gil
AtID= 1+
DFACT = 1+
ASQ = GGSQ $ GCORR
TOTAL = (ASQ /(td3Q -IIEPTHXDEPTH)) + .1 $ SMU X (TOLOA **3)
DO 25 I = 1-10
XK = 2$1
13FACT = IIFACT $ XK X (XK + 1.)
ADD = UL * Ann
AD = ADII / DFACT
IF (TOTAL - All S 200,) 24~24v27
TOTAL = TOTAL + AD
CONTINUE
TOTAL = TOTAL + AD
Am = S)lu
[IFACT = 1,
DO 28 I = 1s5
XK =2$ I - 1
ArJ = TOLOA X ADtI / ((XK + 2+) X DFACT)
IF (TOTAL - M! x200,) 29p29s30
TOTAL = TOTAL + All
AIl[l = ADD $ UL
DFACT = ilFACT * (XK + 1+) * (XK + 2*)
CONTINUE
TOTAL = TOTAL + An
SATN = EXF’ (-SflU)
GLOST = TOTAL $ SATN
Gt4 = Gil - DEPTH K (10 - SATN)
SGSQ = SQRT (Gil X Gtl + ROSQ)
SMU = [1cMsT(16) X (SGSQ - GM) / (SGSQ + G?t)
)4=1
M=6
IF (EPK - EXOVR) 32,32,34
N=7
M=ll
EFLOG = DCNST(N)
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0067
0068
0069
0070
0071
0072
0073

L = N+l
DO 36 I = L~l’f

36 EFLOG = EFLOG + DCNST(I) X ELOG %* (I-N)
EFF = EXP (EFLOG)
GAHAS = VALUE * GGSQ X GCORR / (EFF X GLOST)
RD = ●7 X IICNST(14)
VALUE = (1. + RD i GG) * St?GCR
RETURN
END
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CALMU
SUBROUTINE CALMU (tlsXHU~EPKSELOGSLABZPAHASrKABZrEDGErCOFHU)
REAL*8 COFHU
DIMENSION LAEfZ(2)7AllAS(2)~KABZ(2)*EDGE(2) ~COFMJ(BY20)
Xml = 000
DO 10 L = lsH
DO 2 K = 1s20
IF (LARZ(L) - KABZ(K)) 2s4~2
CONTINUE
WRITE (6s120)
FORMAT (’CANNOT HAKE LIBRARY
K=l
AEKWU = COFMU (lrK)
D06J=2s8
ABSMU = ABSilU + COFMU(JrK) *
ABSI’NJ = EXP (AESHU)
IF (EPK - EDGE(K)) 7r7~B

MATCH UITH MATERIALS SPECIFIED’)

ELOG XX(J -1)

XJUMF’ = +10266 + ,006798 * SQRT (EDGE(K)) + tOO06539 * EDGE(K)
ABSMU = ABSIIU X XJUHP
X)w = X)IU + ABSHU X AHAS(L)
CONTINUE
RETURN
END
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CALGPM
SUBROUTINE CALGPM (EPK~VALUE)
REAL*8 COFHU
COMMON/F’ASS/ENJ( 20)~15T91ENll~NUiiSJrNUHEJPGAINJrZEROJ1STlJt

i sT2J7sTRJ(20) fNENuM?ALPJ?TAMP?TsLP9TLAMP?TLsLPrBNGsLP(2) ?
2 CFILE(3) ?SSSSYES?BK1 ?NGAIN? IREGG?LISTFG?DFILE(3)7
3 YSUM(20) ?CIFT(lOO) 9SDOF(2O) rsuMR(20) rEnGE(20) PNsHBL(20) ?
4 COFMU(8S20) ~MTLZ(5)SCMPOS(5) tNABS(5) *ABSREI(5)StICNST( 16)s
5 NFl,NF2,GEoll?suRFc,sflPwT,rlEPTH

[lATA ilTRL/’GE’/
ELOG = ALOG (,001 X EPK) .

sflu = O*O
DEPTH = 0+5 X DEPTH
IF (NF1) 14~14r13
CALL CALtlU (NFl,SMU,EPK~ELOG~ilTLZ~CMPOS,NStlEtL,EIlGE~COFl4U)
CALL GPll (EPKSELOGSGEOH9SURFCsDEPTH?SflU9VALUEsGAMAS,[lCNST)
IF (EPK - 500.) 9?9J1O
CORRECT FOR GE ‘KIEAII LAYER- ATTENUATION+
CALL CALMU (l~XMU~EPK~ELOGtHTRL~SHU,NSMEILrE[lGEJCOFMU)
GAHAS = G##flAS X EXP (XMU)
IF (NF2) 15r18~15
ATN = 0+0
CALL CALMU (NF2,AflU,EPK,ELOG,NABS~AE@RB,NSMBL,EDGE,COFMU)
ADJUST ABSOREIER ATTENUATION TO ACCOUNT FOR GAHMAS TRAVERSING
THE ABSORBER AT SKEWEII ANGLES*
AMU = AMU $ VALUE
IF (NIU - 6.9) 16,17$17
ATN = EXP (AHU)
Gh)lAS = GAMAS * ATN
VALUE = GAMAS
RETURN
ENII
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